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PREFACE. 


THE  Editor  of  the  Scientific  American  receives  during  the  year 
thousands  of  inquiries  from  readers  and  correspondents  covering 
a  wide  range  of  topics.  The  information  sought  for,  in  many  cases,  can 
not  readily  be  found  in  any  available  reference  or  text-book.  It  has  been 
decided,  therefore,  to  prepare  a  work  which  shall  be  comprehensive 
in  character  and  which  shall  contain  a  mass  of  information  not  readily 
procured  elsewhere.  The  very  wide  range  of  topics  covered  in  the 
Scientific  American  Reference  Book  may  be  inferred  by  examining 
the  index  and  table  of  contents.  This  work  has  been  made  as  non- 
technical as  the  subjects  treated  of  will  admit,  and  is  intended  as  a 
ready  reference  book  for  the  home  and  the  office.  It  is  possible  that 
in  some  of  the  tables  published  in  the  book  certain  inconsistencies 
mav  be  observed.  Such  a  condition  of  affairs  is  in  some  cases  in- 
evitable.  In  procuring  the  ^figures,  for  example,  from  different  De- 
partments of  the:fidv^r/imenV,  with  reference  to  any  subject,  it  has 
been  found  that  stiiistics  vary  in  certain  particulars.  These  variations 
are  due  to  the  differer-t  metbocl^-of  tabulation,  or  to  some  different 
system  by  means  of  which  thp  -i^fures  have  been  arrived  at.     In  a 

<  -    ■ 

number  of  cases  these  (|;j5crepancic9  will  be  noted  in  the  book,  but  they 
are  not  to  be  regarded  as  errors. 

The  debt  for  advice  and  help  has  been  a  heavy  one.  The  com- 
pilation of  this  book  would  have  been  impossible  without  the  cordial 
cooperation  of  government  officials,  who  have  been  most  kind.  Our 
thanks  are  especially  due  to  the  Hon.  0.  P.  Austin,  Chief  of  the 
Bureau  of  Statistics,  Department  of  Commerce  and  Labor;  to  the 
Hon.  S.  X.  D.  North,  Director  of  the  Census ;  Prof.  John  C.  Monaghan, 
Editor  of  the  Consular  Reports;  Hon.  Eugene  Tyler  Chamberlain, 
Commissioner  Bureau  of  Navigation ;  Dr.  ^larcus  Benjamin,  of  the 
Smithsonian  Institution;  Major  W.  D.  Beach,  U.  S.  A.,  of  the  General 
Staff;    ^eBT'Admiral    Charles    O'Xeil,    late    CAuet    ot  "SAVt^aM   ^V 


Ordnance,  U.  S.  N.;  Hon.  S.  I.  Kimball,  General  Superintendent, 
Life  Saving  Service;  the  Director  of  the  Mint,  Capt.  Seaton 
Schroeder,  U.  S.  N.,  Chief  Intelligence  Officer,  U.  S.  N.;  many  ex- 
aminers in  the  Patent  Office;  Hon.  Willis  L.  Moore,  Chief  of  the 
Weather  Bureau ;  many  officials  of  the  Agricultural  Department ;  Hon. 
Carroll  D.  Wright,  Commissioner  Bureau  of  Labor;  Hon.  George  M. 
Bowers,  and  Mr.  A.  B.  Alexander,  of  the  Bureau  of  Fisheries;  Prof. 
Charles  Baskerville,  Ph.D.;  Edward  W.  Bym,  of  Washington;  Dr. 
George  F.  Kunz,  Hon.  S.  W.  Stratton,  of  the  Bureau  of  Standards, 
and  many  others. 

We  are  also  indebted  to  the  J.  B.  Lippincott  Co.  for  permission 
to  use  diagrams  of  Geometrical  Constructions;  to  HazelFs  Annual, 
AVhittaker's  Almanac,  and  the  "  Daily  ^lail  Year  Book."  A  number 
of  our  diagrams  are  from  the  "  Universal-Taschen  Atlas  ^'  of  Prof  A. 
L.  Hichmann.  Our  matter  on  the  "  Arctic  Regions  "  is  translated 
from  Dr.  Hermann  Haack's  "  Geographen-Kalendcr."  For  a  numl)er 
of  our  tables  we  must  thank  the  excellent  pocket  books  of  D.  K.  Clark 
and  Philip  R.  Bjorling,  and  we  arc  also  indebted  to  the  Year  Book 
issued  by  our  esteemed  English  contemporary  "  Knowledge." 

It  is  hoped  that  this  work  will  save  many  fruitless  searches  through 
works  of  reference,  as  the  aim  of  the  compilers  has  been  to  obtain 
matter  which  is  not  readily  available  elsewhere. 

New  York,  October  15,  lODi.'..' .  : : 
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CHAPTER    I. 


PR06BG6S     OP     DISCOTBRT. 


DIVISION'S  INTO  RACES. 


MoDRDlian  or  Turaniaa Greater  Part  of  Asia 63U,0(K),000 

Semitic  or  Hamitic Nortb  Africa.  Arabia 65,UUU,000 

Negro  and  Bantu Centfai  Africa 150,000,000 

Hottpntol  and   Buahman South  Africa 1M,000 

Malay  and  Polyneaiau Australia  and  Polyneaia 39,000,000 

American  Indian North  and  South  America 10,000,000 


OF  THE  coMpAaa. 


TOTAL  AREAS  AND  POPULATION  OF  TUB  EAKTH. 

I'OPULATIOn. 

/n  Per  Per 

ftguare  flguare     Thouiand',  Bi/uare  finuare 

ilile*.  KUomelrrn.  ililr.  Kiln. 

(1)    Asia    17.071,1199  44.21C.r.-J3        83K7IW  48.0  Ifi.S 

(li)    Europe 3.824.!>rill  y,00«.<>17        30;t.4«<!  102.9  40.5 

(3)   Africa 11.ri0(i.785  29,802.i>(«        I!i0.32l  ir..l!          fi.2 

14)  America   15.2»4,872  30,587,8«0        140.4.^2       9.5          S.0 

15)  Anst  ralia   and 

Oceania 3.457.fir,7  8.nm.3ra  0,4ri0       l.R  0.7 

(0)   Polar  BeRioni l.or)fi.3!>4  4.200.0fi5  13       0.008 

Total  ....  ri2.802.i:73       i;i(;.7r>9,n(;7    i.->A-,A,-n  \--s(»   \\.f« 

— Hlibnir't  Ccopraiihuch-SlnlialiKKf  ToJjtWtk. 
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Nearchus  (Macedon. ). .  .  ■ 
Alexander  the  Great.  .  . . 

Egyptians 

Romans 

Eudoxufl  of  Cyaicus 

Romann 

Romans 


Strabo  (Greek). 
Romans 


Romans ! 

Claudius  Ptolemy  ( Egypt . ) , 

Hoei-sing  (Cliin<>se) 

I-t«ing  ((Chinese) | 

Norsemen I 

Naddod  (Norse) 

Gunnbjdm  (Norse) 


Erik  the  Red  (Norse).  .  .  . 

Lyef     Erikson    (son    of  I 

Erik  the  Re<I)  | 

EdrLsi  (Sicily) 


Arabs 

Ruysbrock. 


Marco  Polo  (Vcnet.). 

Genoese 

Ibn  Batuta  (Arab.). 


Sir  John  Mandeville  (  Ehr  ) 

Prince  Henry  (Port.) 

J.  Gonsales  and  Martin  I 

Va«  (Port.) r 

Nuno  Tristao  (Port.) 

Cintra  and  Costa  ( Port . ).  . 
Toscanelli  (Ital.) 


I 

Diego  Cam  (Port.) 

Bartholomew  Diaz  (Port.) 

Columbus  (Gen.) 

Giovanni  Cabot  (Anglo-  ' 

Ven.) » 

Vasco  da  Gama  (Port.).  . . 
Amerigo  Vespucci  (Ital. ). . 

Pinson  (Span.) 

G.  Cortereal  (Port.) 

Alvarex  Cabral  (Port.) 


Columbus  (Gen.) 

Ponce  de  Leon  (Sj)an. ). 
PorttMgu^ie. 


Invasions  of  Habcsh,  Arabia,  Phonnieia,  Syria. 

Argonautic  expedition  to  Colchii^. 

Voyages  to  Ophir.  (]ade8,  Britain. 

Extension  of  Colonies  in  the  Mediterranean  and  Pon- 

tus  Euxinus. 
Spain  (Tartessus)  discoveretl  for  the  Greeks. 
(Circumnavigation  of  Africa  by  order  of  Nerho. 
Atlantic  coa.sts  of  Europe.     Sargasso  Sea.     Said  to 

have  visited  Britain. 
Makes  the  first  maps. 
Writes  the  first  geography. 
West  Afrira  as  far  as  Cajie  Palma**. 
?  Thule,  North  Sea.  Scandinavia. 
Sails  from  the  Indus  to  Re<l  Sea. 
Expedition  to  Iran,  Turan.  and  India. 
Navigate  the  I'Ia.«t  coa-^t  of  Africa. 
Hannibal  cros-ses  the  Alps, 
Attempts  circumnavigation  of  Africa. 
Julius  Caesar  in  Gaul.  Gennany,  and  Britain 
Extension  of  geographical  knowledge  and  commerce 

as  far  as  Central  Asia. 
Descril>es  Roman  Empire  and  first  mentions  Thuie 

and  Ireland. 
Tiberius  di«»covpr»«  the  I^ke  oi  Constance;  Drusas, 

the  Brenner  Pa.«js. 
Agricola  circumnavigates  Britain. 
Constructs  his  Geography  and  Atlas. 
Vi.sits  Pamirs  and  Punja)>. 
Visits  .Java,  Sumatra,  and  India. 
Faroe  Islands.      North  Cape  of  P^urone  rounde<l. 
Discovers  Iceland.     Visite<l   bv   Irish  monks  about 

795. 
Greenlan<l   coast.     Rediscoveretl   by    Erik  the    lied 

(9S3). 
Colonizes  Greenland. 
Discovers   Newfoundland   (Ilelluland),   Nova  Scotia 

(Markland),andcoa^t  of  iNew  England  ( Vinland)(?|. 
Cicographer   to    King   of   Sicily,   produces    his   geo- 
graphy. 
Trailing  merchants  <liscover  Siberia. 
Reaches  Karakonim,  the  ancient  .seat  of  the  Mongol 

Empire. 
Travels  in  Central  Asia.  China.  In<ria,  Persia. 
Canaries,  .Vzores.  etc. 
Travels  through  the  whole  Mohanmie<lan  World.  N. 

Africa,   K.   Africa,  •'*'.    Russia,  Arabia,   ln<lia    ancl 

China. 
?  Travels  in  India. 
Gives  an  inip^^tiis  tf)  Portiijjuese  voyages  of  ilisrovery. 

Porto  Santo  and  Ma«leira  <li>eovercd. 

Car)e  Verde,  etc. 

Coa>«t  f)f  (Juiruui  reached 

Sends  Colurnhus  hi»  map  .'-howing  the  western  route 

to  Cathay  (China). 
Moinh  <tf  the  ('on(?o  reached. 
Koinids  ("ape  of  ( Jixnl  Ho|)e. 
America.  West   Iridif*-.  Trinidad.  Cuba,  etc. 
Sails  along  I..  coa>t  of  America  from  I.abra<lor  as  far 

as  Florirla. 
Route  to  liulia  by  Cai)C  of  Gotul  Hoi)e. 
Venezuela,  arul  that  America  was  not  "part  of  Asia." 
Discovers  nioiith  f>f  R.  .\mazon  and  Cape  St.  Ro<pie. 
Reaches  entrance  of  ilufl-on  Stntit,  called  by  him 

Strait  of  Atiian. 
Brazil  ('named  bv  him  Ilha  da  Vera  Cruz,  l>eing  S. 

jiart  of  Hahi.'i  StateV 
fcntral  .America  on  his  fourth  voyage. 
i'/orjrla. 
]{eav\\  (he  Moluccas. 
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D.U. 

Di™vory«Ii<pl™.K«.. 

Js'is 

ISIO 

Seba.«lian  Cabot  (Etig-L  ' '. 

Ocean. 
Re*5he>  La  PlaU. 

Fine  to  circumnavigate  the  globs.     Panxn  tlmnwb 
Che  Strait  of  MagSan,  crossee  Ibe  Pacific,  ud  dis- 

Completes  (he  Cooqueat  of  Peru. 
Conquers  Chili. 

(Montreal). 
Fjiploiw  Gulf  of  CaliromlB. 

Amaion  River. 
Fin-t  reaches  Japan. 

Labndor  and  Baffin  Land. 

D.'S'S'.S.'"  "'■■""•"  *""-'»■■ 

IS19-2I 

Fn.nreModeUU«(SfMn.) 

fe";;S'.w,i-<»,iu..-, 

B.iy  Upe.  d.  vaWob™. 

.& 

Sir  F.  Drake  (Eng.) 

looa 
inn- 17 

Barenli  and  Heemskerk  ( 
MendaiiatSpan!).' .'.'..'.    . 

SiSllEl::.:::-: 

Champlnin  (French).  ..  .  . 

^M^.tfa'n'^^houW, 
DiIfli'aJio.-,Du..,.:;,', 
G,Thom_ps..n;Eng.™er.). 

Spitibergen,  Bear  Islands,  etc. 

Tahiti  (Sagittaria).  anil  olher  South  Sea  Islands. 

Torres  Strait.     Dutch  reach  Australia. 

Disco  vera  Lake  Ontario. 

Hudson  Bay  and  discoveries  in  N.  America. 

Enten  B;M?  Bay. 

Round  Cape  Horn. 

Weslcoast  or  Auslralia. 

^''i^y^'^?-.. .  „„. 

:  DesbncvtCos. 
'  French 


I  Bering  (Dai 
1  Tis&rikov  { 
■  Byron  { Eiu[.)._ 


id  (Tasmania)  and  New  Z«al>iid. 

Explores  E.  coast  Jaiian.  Saehalien.  and  Kurile  Is. 
'  Ituunds  East  Cape  of  Asia  [rom  the  Kolyma  to  tlK 

'  I^ereiionof  theSI.  Lavrencedlscovered.  i 

Explnralion  uf  the  Mississippi  from  the  north. 
Exploration  of  the  ciiaslo  of  Siberia.  ' 

Bering  Stmil  and  the  NW.  coaat  of  Ameriu. 
arciunnaviKaiion  of  the  Klobe 

Voyages  round  the  worjd.      Hydrosraphical  surveyi 
of  the  Society  Islands.  Sandwich  Islands,  E.  coail 
of  Australia.  Cook  SIrait  in  New  Zealand.  Aatarelic 
Oeean.  NW.  com't  of  America,  etc. 
.  Sources  of  Ihe  Blue  Nile. 
, '  Disn.vers  New  Silrnan  Islan.ls. 
.     North  of  Japan.  Sashalien.  etc. 
. '  Exploration  of  the  Mackenzie  River. 
:  Vanco'iver  Islaml  circumnavigated.     Discovered  by 
Per*!.  1774.    EiMoration  ntNW.  enasi  of  America 
. '  Jflitmeys  uid  explnrstinns  in  ihe  Niger  districts. 
Explorations  in  South  America  and  "Coamos." 


'  Southern 


n  Seu< 


u^1ralia. 


.cfO 


k.Saghi- 


KLii<rolh'(icr.l. 
Sir  RpBrrv(Kni 
Sir  J.  Krenklin.  . 
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Date. 
1R19 

Explorer  and  Nationality. 
Wm.  anith(En,.) 

Discovery  or  Explornlinn. 

South  Orkney  li-landr.  and  South  Shetlande.    Vinted 
by  Weddell  in  1K22. 

Denham  and  Clapperton  1 

Uke  Chad. 

lS2*-;fl 

ii 

1S33~3S 

l{en-.CailliB(Freocb)..  .. 

SlurKEng.) 

Bi>coe(Eng.) 

Reached  Timbuktu  from  Trir»rii. 

Journey  from  Kakandy  lo  Timbuktu  anil  Morocco. 

Knderby  Land  and  Graham  Land. 

Magnetic  North  Pole. 

t:xplorBtion  of  the  Niger  and  BenuC. 

I  i»»utR  Hrkn.v  l^iii.l.  nn.!  .1,...tl,  .SIwitaH.lh     \  Mwl 
bv  W«l.l(j|  III  IWi 
DiKK»*n  WnuaM*^  Ldr^il. 
""■"  I  I  Uko  Ounl, 

nl>iiKiu  troni  TrliHill. 

11  K«lnitiily  !.■  'riml>iikMi  ail.!  Mihuwil 

,!•  MuiTu«(>IJ«>-  ■ml  ,ll»,>..i.  <lt  Uiir. 


SCIENTIFIC    AMERICAN   REFERENCE    BOOK. 


THE  PROGRESS  OF  DISCOVERY— Conlmifeci. 


Date.        Explorer  and  Nationality. 


I 


Discovery  or  ExplormUou. 


A.l>. 

1513 

1510 

1517 

1519-21 

1519-21 


1534 

1535 

1535-42 

1539 
about  1540 
1541        ' 

1542 
»• 


15.'>3 

157() 

1577-80 


15S7 
1590 

1598 
1000 

lOOS 

1010 

1014-17 

1016 


1018 
1042 
1G43 
1045 

I 

1000 

1073 

1725-43 

172Sumr41 

1704-00 
17»'.S-79 


1770 

17V5-SS 
17-9 
1702 

17".>.'>-l,sOO 
170'.)-l.sOi 

l;ni-lS04 
1M)3  0 

1^0.",- 0 

isn7  s 
IS  Ml 

1S25 

JSJJ) 


Ealb(Ui  (Span.). 


Solis  (Span.) 

Sebastian  (*abot  (Eng.). 

Cortcz  (S|>an.) 

Magellan  (Span.) 


I 


Pixarro  (Span.) 

nic«c<»  d'Alnia*fro  (Span.). 


Jacques  Cartier  (F 


»pf 
r.). 


Francesco  de  I'Uoa (Span.) 

Fren<h ■ 

Pirarro     and      (^)rellana  I  i 

(Srmn.) t"| 

Antonio  do  Mota 

Huv  Ix>pez  de  Villalobas. . 

(^Iian. )  I 

Pinto  (Port.) I 

Sirll.  Willoughby(Eng.). 

Frobiflher  (Ens.) 

Sir  F.  Drake  (Eng.) | 


.T.  Davis  (EnK.) I 

Harentz  and  Hecniskerk  I 

(Dut.) »', 

McndaAa  (Span.) 

()uiro.s  (Span.) 

Torres  (Span. ) 

Chumplain  (French).  .  .  . 

H.  Hudson  (KuR. ) 

SpillbcrKcn  (Dut.) 

W.  Baffin  (Eng.) 

I^Maire    and    Schoutcn  i 

(Dut.) »', 

Dirk  Hart<iK  (Dut.) 

(i.  Thoni[)sc)n  (Enj?.  nior.). 

.\bel  Tasnmn  (Dut.) 

Vries  (Dut.) 

Dcshnev  (Co>sack) 

T'  1  I 

r  rcnch 

Man^uct  to  and  .Tolict  ( Fr  ) 

Hu'^sians I 

BcriuK        (Dan.)       and  i 
Tishirikov  (Hus.  \  .     .  »  , 

IJyron  (  Eur.  ) 

C'apt.  C'«Mik  ( I'^ng.) 


.Tame*  Bruce  (Scot.).  . 
LiukhdV  (Kus.-ian),  .. 
1^1  Pcroust*  I  I'lenc'h). 
A.  -Mjickcnzic  fSc«if.). 
Vancouver  (  Kuk.  ).  .  . 


?4uniro  Park  (Scot.).  . 
.Mo\.     vnn       Ilunilxildt  i 

( ( 'icr. ) \ 

FliiidiT."'  (  KuK. ) 

Kru-cnstorn  (  Hu'«  '>     

Salt  fKt>(r.) 

Klaprotl)  <(  Jcr.  > 

Sir  K.  Parry  '  Ktir,  )    .  .    .  . 

Sir  .].  l>a!iklin.  ....     .  / 

llichard^oM    ami      Back 

I  Kiic. ) * 

l^mK  (T.  S. ) 


Crossm  Isthmus  of  Panama  and  diacovern  Padfo 

Ocean. 
Reaches  La  Plata. 
Hudson  Strait. 
Conquest  of  Mexico. 
First  to  circumnavisate  the  globe.     PaiweB  thnwi(di 

the  Strait  of  Magellan,  crosses  the  Pacific,  and  dv- 

covers  the  Philippines. 
Completes  the  Conquest  of  Peru. 
Conquern  Chili. 
Gulf  of  St.  T^wrence.     Ascends  river  to  Horhdani 

(Montreal). 
Explores  Gulf  of  California. 
Continent  of  Australia  seen  by  French  sailors. 

Amazon  River. 

First  reaches  Japan. 

Discovers  Pelew  Islands,  and  takes  possession  nf 
Philippine  Islands  for  Spain. 

Visits  Jfl^an. 

Novaia  Zemlia. 

I^brador  and  Baffin  Land. 

Second  circumnavigation  of  the  i^obe,  and  fintt  uv 
Cai>e  Horn.  Explored  W.  coast  of  N.  Americt 
nearly  as  far  as  Vancouver  Archipelago. 

Davis  Strait. 

Spitzbergen,  Bear  Lslands,  etc. 

Discovers  Marque.<<aH  Lslands. 

Tahiti  (Sagittaria),  and  other  South  Sea  Islands. 

Torres  Strait.     Dutch  reach  Australia. 

Discovers  Lake  Ontario. 

Hudson  Bay  and  discoveries  in  N.  America. 

Circumnavijration  of  the  globe. 

Enters  Bafnn  Bay. 

Round  Cat>e  Horn. 

We>»t  coast  of  Australia. 

Sails  up  Gambia. 

\'an  Dienien's  I^nd  (Tasmania)  and  New  Zealand. 

Explores  E.  coast  Japan,  Saghalien,  and  Kurile  Is. 

Rounds  East  Cape  of  Asia  from  the  Kol>-ma  to  the 

Anadyr. 
Lake  regi<»n  of  the  St.  Lawrence  discovered. 
Exploration  of  the  Missi.ssippi  from  the  north. 
Exr)lorati()n  of  the  coasts  of  Siberia. 

Bering  Strait  and  the  NW.  coast  of  America. 

(MrcunuiavJKation  of  the  gli>bo 

Voyages  round  (ho  world.      Hydrographical  survey? 

of  the  Society  Islands,  Sandwich  Islands.  £.  coart 

of  .Australia,  CtMik  Strait  in  New  Zealand,  Antarctic 

Ocean.  NW.  coa.<»t  of  America,  etc. 
Sourco  of  tlie  Blue  Nile. 
Di-rovers  New  Siberian  I. -lands. 
.North  of  Japan,  Sachalien,  etc. 
Exploraficm  (»f  the  Mackenzie  River. 
Vanco'iver  I>iland  circumnavigated.     Discovered  by 

Perez,  1774.     Exploration  of  NW.  coast  of  America 
J<iurney<  and  explr»rations  in  the  Niger  districts. 

Exploration^  in  Soutli  .America  and  "Cosma**.'* 

Southern  coa.-ts  of  .\u^tralia. 

Survey^  in  Sea  of  Japan  arul  Sea  of  (."Okhotsk,  Sagha- 

lien.  et»'. 
Vi-it  to  .\by!-r«iTiia 
Kxjiloratioii  nf  the  Cauca»<u> 
Parry  .VrchipdaKo. 

Coppennine  and  Mackenzie  Rivers  explored. 

Exploration  of  Itocky  Mountniii.ii 


i 
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Dale. 

IN19 

Explorer  and  NatloBriity. 
Wm.  Sn.ilh(Ent.) 

DiKovery  or  EKploralion. 

South  Orkney  lilandx  anil  Soulli  Sbetlaods.    Visited 
by  Wedden  in  ID22. 

I82J 
830-33 

A.  G.  Lainn(Scol.) 

Hen:  Cwltie  (French).  .  .. 
SturKEng.) 

DL->coa(Eoi.) 

Lake  C^iad. 

Reache'l  Timbuktu  from  Trirwli. 

Koyal  (leoitrarbiral  Society  founded  in  I^ndon. 
Exploration  of  the  Niger  and  Benu^. 

li^35 

6 
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Date.         Explorer  and  Nationality. 


Discovery  or  Exploration. 


1837 

1837-40 

1839 

1839 

1840 

1841 
1H41-73 
1844-45 

1845 

1848 
1849-55 

1850 

1852-4,1861 

1856-59 

1858 
*  * 

1860 

1862 
1862-63 
1864-66 

1867-72 
1868-71 

1869 

1870-1886 

1871-75 

1872 

1872-76 

1872-76 

1873 
1874-75 

1876 
1876-90 

1876 

1878-79 
1878-89 

1878-85 
1878-92 

1879 

1881-85 
18S5 

1886 
1887 

1893-96 

1897 
1893-97 
1895-96 

1896 
1896-98 

1897 

1897 

189S-99 

1809 

vm 

•  4 

1000-02 


Wcjod  (Eng.) 

D'Urville  (French). 
J.  Balleny  (Eng.).  . 
Eyre  (Eng.) 


TrUmmer 

Sir  James  C.  Ro&m  ( Eng. ). . 
D.  Livingstone  (Scot.).  .  , 

Leichhardt  (Ger.) 

Sir  John  Franklin  (Eng.). 
Rehmann  and  Krapf  (Ger. ) 
Richardson    and    Barth  (. 

(Eng. -Ger) f 

Sir  R.  M'Clure  (Irish).... 
SirC.  R.  Markham  (Eng.). 

DuChaillu  (French) 

Sir  R.  Burton  (Scot.).  .  .  . 
Snekc  and  Grant  (Brit.).  . 

Sirs.  Baker  (Eng.) 

MDouall  Stuart  (Scot.).  . 
W.  G.  Palgrave  (Eng.).  .  . 
G.  Rohlfs(Ger.) 


Richthofen  (Ger.) 

G.  Schwcinfurth  (Ger.). 

G.  Nachtigal  (Ger.) 


Prejevalsky  (Rus.) 

I^igh  Smith  (Eng.) 

Paver    and     Weyprecht  ♦ 

(Au.strian) \ 

"Challenger"      Expeili- ♦ 

tion(Brit.) f 

Ernest  Giles 

Warburton  (Irish) 

Lieut.  Camenm  (Eng.)..  .  . 

De  Breeze  (French) 

H.  M.  Stanley  (Eng.) 


Sir     Geo.      Nares     and  I  I 
A.  H.  iMarkham  (Eng.)  f  ; 
Nordenskjold  (Swed.).  .  .  . ) 
Thomson  (Scot.) 

Major  Serpa  Pinto  (Port.).' 
Emin  Pa.sha  (Ger.) , 

MoiLstier     and     Zweifel  I  ' 

(Swi.Ks) f  , 

Greely  (r.  S.) ' 

Wiwmann  (Ger.) i 

Junker  (Rus.-Gcr.) I 

Peary  (U.  S.) 

Capt.  Younghusband  I  ■ 
(Eng.) f: 

Nan.sen  (Norw.) 

I 

Jackson  (Scot.) 

Sven  Iledin  (Swe<l.) 

Pr.  Henri  d'Orlf'ans 

Donaldson  Smith  (Scot.). . , 

CuMt.  M archand 

Andr^'e  (Swed.) 

D.  Carnegie 

De  (Jerlache  (Belgian)..  .  . 

Major  (lihVjons 

Borrhgrevink  (Brit.  K\.) 
Duke  of  Ahruzzi  (Ital.).    . 
Sven  Hedin  (Swed.) 


Sources  of  the  Oxus. 

A<mie  Land.     Reached  60<>  SO'  S.  lat. 

Balleny  Islands,  6b''  AV  S.  lat. 

Discovers  I^ke  Torrens,  S.  Australia,  and  in  1S41 

journeys  from  Adelaide  to  King  George's  Sound. 
Remains  of  ancient  Nineveh. 
Victoria  I^nd,  with  volcanoes  Erebus  and  Terror. 
Thirty  years'  travel  in  Central  South  Africa. 
Crosses  Australia,  Moreton  Bay  to  Port  Essington. 
Sails  on  his  last  voyage  never  to  return. 
Mt.  Kilima  Njaro.     Sighted  Mi.  Kenia. 

Western  Sudan  and  Sahara. 

Northwest  Pa.«»sajge. 

Explorations  in  Peru. 

Basin  of  Ogow«'  River,  W.  Africa 

I^ke  Tanganyika 

V^ictoria  Nyansa. 

Explores  L'pper  Nile.  Discovers  Albert  Nyanza,  1864. 

Cro8.sed  Australia. 

Journeys  in  Central  an<l  Elastem  Arabia. 

Journey  in  W.  Sudan  by  Ghadames,  Murzuk,  and 

Wadai  to  R.  Niger. 
Extensive  travel  and  exploration  in  China. 
Exploration  of  the  Jur.  Niam-Niam,  and  Monbuttu 

countries. 
Explorations  in  I^ke  Chad  region  and  Central  Sudan 

States. 
Journeys  in  Mongolia.  Tibet,  etc. 
Exploration  of  N.  part  of  Spitsbergen.     Vaigats  Is. 

Frans  Josef  Land. 

Explores  the  depths  of  the  oceans. 

Traverses  Northwest  Australia. 
Cro.sses  Western  Australia  from  Elast  to  West. 
Crosses  Equatorial  Africa. 
Explorations  in  the  Ogowt'*  and  Gabun  region. 
Congo  Basin;   Mt.  Ruwenaori;    Forests  on  the  Aru- 
wimi,  etc. 

Grant  Land.     Penetrated  as  far  N.  as  83°  20'  lat. 

Northeast  pa.«*.«'age. 

Journeys  through  Ma.«ai  Land,  British  South  Africa. 

Sokoto,  Morocco,  etc. 
Twice  crosses  Africa. 
Travels  and  Surveys  in  Equatorial  Africa.    Discovery 

of  Semliki  River,  etc. 

Sources  of  the  Niger. 

Grinnell  I  And  an<l  NE.  coast  of  (Greenland. 
Across  Africa  from  West  coast,  Congo  Basin. 
Welle-Mohangi.  etc. 
North  Greenland. 

Travels  from  Pekin  to  Kashmir. 

Hviotenland,  etc.;  reached  his  "Farthest  North"  in 

lat.  86°  13'  0"  N. 
Surveys  and  explorations  in  Franx  Josef  Land. 
Explorations  in  North  Central  A.«<ia. 
Travels  in  Tonkin  and  China. 
Explores  region  of  I.ake  Rudolf. 
Travels  from  Upper  Mobangi  to  Fa>h(>da, 
.\ttempt  to  cross  over  the  North  P<»le  in  a  balloon 

with  fatal  results. 
Crosses  Western  .\ustralia  from  S.  in  N. 
■'Holgica."  fir.-<t  ship  to  winter  within  Antarctic  circle. 
Exploration.*;  in  Congt>  nn«l  Zanihozi  lio.a*! waters. 
Rcarhofl  lat.  7S°  50'  S.  via  Victoria  Land. 
Reache<l  lat.  86°  33'  N.  via  Franz  Jo^of  Land. 
Important  Journey  in  Central  .Asia. 


Ba  •t>>  •  \omeM' «  .\l\aA. 
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THE  POLAR  REGIONS. 


ionnl  emulation,  more  partiou- 
Bince  the  great  success  of  Nan- 
eems  to  have  played  the  chief 
Q  all  the  recent  researches  un- 
:en  in  the  vicinity  of  the  poles, 
fewer  than  three  exi>editions  were 
ized  in  1002  for  the  main  purpose 
aching  the  North  Pole.  Otto 
rup,  the  Norwegian,  with  Nan- 
old  ship,  the  *'Fram,"  started  in 
th  Smith  Sound;  Lieut.  Robert 
ary,  of  the  United  States  navy, 
ed  a  like  course ;  while  Mr.  E.  B. 
r\n,  also  an  American,  selected 
;  Josef  IjQnd  as  his  point  of  do- 
re,  although  Prince  Luigi,  of  Sa- 
lad  only  just  vainly  attempted  it. 
i  expedition  led  by  Capt.  Sver- 
was  incontestably  the  most  suc- 
1,  says  Dr.  Herman  Ilaack  in  his 
aphen  Kalender.  As  early  as 
his  expedition  was  already  under 

He  spent  the  first  winter  north 
.pe  Sabine,  where,  by  means  of 
fed  sledge  journeys,  he  explonnl 
fiords  of  Hayes  Sound,  in 
allowing  spring  even  advancinj^ 
r  as  the  west  coast  of  Elles- 
ind.       Finding    the     ice    condi- 

no     more     favorable     in    18IW 

in  the  previous  summer,  he 
ioned  forthwith  his  former  plan 
fixed  upon  Jones  Sound  as  the 
Qg  point  for  his  investigations, 
e   hoi)e   of   finding   on    thie   west 

of  Ellesmereland  a  better  and 
water  course  to  the  north  than 
irrow  neck  of  Smith  Sound  c:in 
,  which  is  so  easily  obstructed  by 
ick  ice  from  the  Pole.  Sverdrup 
vith  difliculties   in   Jones   Sound 

for  he  could  push  no  farther 
rd  than  Inglefeld  had  rea<-hed  in 

and  so  he  took  up  his  second 
r  quarters  at  the  point  wliere  the 
of  Ellesmereland  seemed  to  bend 
ward,  under  north  latitude  T<> 
29  min.  and  west  longitude  84 
4  min. 

^  sledge  journeys  of  the  fall  <»f 
year  established  the  fact  th:it 
aereland  extended  much  fartluT 
'ard  than  was  supposed,  and  was 
ited  from  North  Kent  only  by 
elcher  Channel,  a  small  arm  of 
!a.  In  the  spring  of  IIKKJ  Sver- 
continued  the  exploration  of  the 
M>ast  of  Ellesmereland,  whore  b.* 
ered  a  deep  fiord,  whib'  bis  ns- 
t,  laachsen,  examine*!  a  Ijulm' 
of  land  lying  to  the  wfst  nf  it. 
•Pram"  beiDg"  free  from   ice    in 


August,  the  passage  through  Jones 
Sound  was  continued,  but  the  ship 
was  soon  fast  again  in  the  Belcher 
Channel  near  the  westernmost  point  o! 
Kllesmcreland,  and  Sverdrup  estab- 
lished his  third  winter  quarters  under 
latitude  70  deg.  48  min.  and  longitude 
81)  deg.  The  fall  of  1000  and  the 
spring  of  1901  were  devoted  to  sledge 
journeys. 

Sverdrup  himself  continued  his  ex- 
ploration of  Ellesmereland,  examining 
anew  and  more  thoroughly  the  fiord 
which  he  discovered  the  year  before, 
after  which  he  turned  northward  and 
succeeded  in  reaching  the  most  west- 
erly point  occupied  by  him  in  the 
spring  of  18J)0,  to  which  he  had  then 
I»roceeded  from  Smith  Sound. 

Isachsen  proceeded  westward  and 
discovered  north  of  North  Cornwall 
two  larger  islands,  exploring  their 
southern  coasts  till  they  turned  to- 
ward the  north.  Under  latitude  79 
deg.  30  min.  and  longitude  106  deg., 
be  reach(»d  his  farthest  western  limit, 
from  which  point  neither  to  the  west 
nor  to  the  north  was  any  land  visible, 
and  from  the  character  of  the  floating 
ice  it  was  not  probable  that  any  land 
existed  in  either  direction.  In  July  of 
tliat  year  (he  north  coast  of  North 
Devon  was  explored  in  boats. 

All  attempts  to  get  the  "Fram**  out 
of  the  ire  having  faile<l,  Sverdrup  was 
compelled  to  i)as»  a  fourth  winter  in 
l!M)l-2  in  this  region,  during  which 
other  extended  sledge  journeys  were 
undertaken.  F^ollowing  the  west  coast 
of  KIlesnn»reland,  Sverdrup  attempted 
to  reach  SO  deg.  lf»  min.  N.,  85  deg.  33 
min.  W.,  tlie  farlbwt  point  attained  by 
Lieut.  Aldri<-h,  of  the  English  Polar 
Expedition  of  1S17t-7Ct,  on  the  west 
coast  of  (Trinnell  Land,  coming  down 
from  the  north.  lie  was  not  success- 
ful, however,  t bough  he  penetrated  as 
far  north  as  SO  deg.  .*{7  min,,  wliich 
was  but  a  simrt  distance  from  llie  goal. 
Sledf:»»  journeys  undertaken  by  other 
lt:irti<ipants  in  tlie  exj)edition  resulted 
in  tlu*  exploration  of  the  west  coast  of 
Nortli  l)evon.  In  tlie  ])etfinning  of 
AnuMist,  lIHrJ.  wben  tlie  "Fram"  was 
auain  fre(»  from  ice.  Sverdrup  started 
imnuiliarely  upon  his  homeward  way, 
reaching  Stavanu'er  on  the  lOtb  of  Sep- 
leiiiliei-.  Tlie  <bief  result  of  tliis  ex- 
!  pediiioii  -was  tlie  discovery  of  large 
I.uid  areas  west  of  FiUesmerolaivd,  ^wi 
'  s\U'*^  the  d\sc(»vevy  i^^  Yt^vwt.  '^o^^^\ 
Land  no  su(!\\  cxtouaVoii  ol  QMt  VtiorwV 
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edge    of    tbese    reEtona  has  been  sig' 

Lieut.  Robert  N.  Pear.v,  V.  S.  N'., 
conceived  a  plan  of  reai'bine  llie  Norlli 
Pole  by  sledge  joiiinp.vB,  aefompatiied 
by  no  one  lint  Ksttuimaui  and  bin 
black  servant  lleimun.  For  this  pur- 
pose it  became  necesHary  to  establiitli. 
well  to  the  iouth,  a  point  of  departure 
that  could  be  reached  every  year  by  a 
ship,  whiirh  could  supply  fresh  pro- 
viaiODS  and  netv  oulfittinEa.  that  were 
to  be  pushed  toward  the  north  and  de- 
posited in  caches  alone  the  coast.  The 
weak  point  of  the  Rcheme  lay  in  the 
(act  that  the  advance  to  tbe  farthest 
I«>int8  already  reached  required  bo 
much  time  for  so  small  a  sledge 
crew  that  furtber  penetration  into 
the  unknown  must  be  undertaken 
at  an  advanced  season  of  the 
year,  when  tbe  stability  of  tbe  ice 
made  such  a  moreinent  questionable. 
The  winter  of  1898-90  Peary  passed  at 
Etah,  on  tbe  eastern  sbore  of  Smith 
Sound,  in  order  to  interest  the  alm- 
riginca  in  his  plan,  buy  dogn,  and  per- 
fect other  preparatioDB.  After  his 
ship,  tbe  ''Windward."  reached  him 
with  fresh  supplies  in  the  fait  of  1800, 
he  was  transported  to  Cape  Sabine, 
which  he  had  fixed  upon  as  the  start- 
ing point  and  base  of  the  cipedltinn. 
Here  be  passed  the  winter  of  18.TO- 
1!N)0.  In  the  spring  of  IdOO  be  under- 
took a  sledge  Journey  straight  across 
Ellesmerelund,  and  in  the  fall  of  that 
year  established  a  line  of  depots  to- 
ward the  nortb.  In  tbe  spring  of  1901 
he  made  the  first  energetic  move  to- 
ward tbe  Pole,  which  led  bim  from 
Grant  Land  in  tbe  direction  of  Green- 
land, lie  passed  the  most  northern 
Eiint,  83  deg.  24  min.,  reached  by 
ockwood  in  the  Greelv  expedition  of 
188'J,  and  fixed,  under  latitude  83  deR. 
30  min.,  the  northern  extremity  of 
Greenland.  Tie  followed  the  coast  to- 
ward the  east  until  it  began  to  hend 
decidedly  to  the  southeast  in  the  direc- 
tion of  Independence  Bay,  thus  estab- 
lishing the  iDsular  nature  of  Green- 
On  bis  return  he  made  a  dash  for 
(he  north  and  reached  83  den.  50  min., 
(he  highest  point  thus  far  attained  on 
the  American  side  of  the  polar  archi- 

KlaKD.  During  the  spring  of  1002. 
ary  even  exceeded  this.  Slartinit 
from  f^spe  Hekla.  the  northernmost 
point  of  Grant  Land,  be  proc-eeded  over 
the  ice  as  far  as  84  dee.  17  min..  while 
Capt.  Markham.  in  1«7([.  Hucceeded 
only  In  reaching  m  deg.  30  min.  from 
'  'i/r   aide.      From  tbe  European  side. 


however,  Capt.  Cagni,  of  the  Italian 
expedition,  starting  from  Fran*  Joaef 
}^nd,  attained  the  advanced  position 
ot  8<i  deg.  -M  min. 

Peary  was  obliged  to  make  his  dash 
ill  April,  and,  as  was  tbe  case  with 
Markham,  he  found  the  ice  ' 


creased  the  difficuliies  of  travel  for 
both  dogs  and  men.  There  were  no 
traces,  however,  of  tbe  unchangeable 
paleocrystic  ice  mentioned  by  Mark- 
bsm,  for  on  the  return  Peary  met  with 
numerous  oiwn  places  and  rhanneU 
which  caused  serious  dela.vs.  No  land 
was  visible  to  the  north  of  either 
Greenland  or  Grant  Land.  In  spite  of 
Che  unsuccessful  termioation  of  his  ex- 
pedition, Peary  is  still  convinced  that 
tbe  best  point  ot  departure  is  from  the 
American  side  of  tbe  archipelago,  and, 
that,  with    an    early   start 


tbe  Polar  ri .,  .   .    

titled  out  by  Mr.  Ziegler,  an  American, 
and  under  the  direction  of  Mr.  Bald- 
win, who  started  from  Franz  Josef 
Land  for  Ihe  Pole,  was  closed  without 
definite  results.  Several  smalt  islands 
were  discovered;  the  but  in  which 
N'nnsen  and  Jobanaen  lived  in  ISOTi-f) 
was  again  found :  some  scientific 
events  were  noted :  meteorological 
sketches  and  photographs  of  the 
Northern  Lights  were  made,  and  yet 
Ihe  finality  of  the  expedition  was  a 
fiasi'O.  No  earnest  attempt  to  reach 
Ihe  Pole  was  maile.  Serious  friction 
between  Baldwin  and  Fridtjof,  the 
sailing  master  of  the  expedition,  fit  re- 
sponsible for  the  unsuccessful  tennina- 

Among  the  moat  important  of  the 
Polar  expeditions  is  that  ted  by  Baron 
Toll,  a  Russian,  for  the  discover}-  and 
exploration  of  the  island  either  exist- 
ing or  supposed  to  exist  to  the  north 
of  tbe  New  Siberian  Islands.  Having 
twice  before,  in  ISStJ  and  1804.  visited 
the  northernmost  of  these  islands.  Toll 
left  Europe  again  in  1000  in  the  steam- 
ship "Sarja"  u|Hin  a  similar  quest. 
I'pon  entering  the  Sea  of  Kara,  he  did 
not  pick  up  the  ship  which  was  bring- 
ing bim  coat,  and  since  1>oth  tbe  con- 
dition of  llie  ice  and  the  open  sea  were 
favorable  to  his  desicns.  he  preferred 
not  to  wait  for  it.     Tape  T^cheljuskin, 

,   the    ixtreme  northern  point  of    Asia. 

;    and    Ihe    intended    teniiiuntion    of    tbe 

I   i-eached,  but  the  condition  of  the  ice 
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lim  to  put  into  Colin-Archer 
the  entrance  to  the  Taimyr 
.  September  20,  where  he 
winter. 

in  two  attempts  to  gain  the 
:he  Jenissei  by  crossing  the 
tenant  Kolomeizoff  finally 
bjr  following  the  coast.  Dur- 
ring  of  1901,  the  extent  of 
iy  was  carefully  explored 
,  and  through  the  discovery 
in  which  L^pten  spent  the 
1840-1,  as  well  as  by  readi- 
est northern  station  of  the 
t  expedition  of  1843,  the 
the  Taimyr  River  was  def- 
'd.  The  "Sarja**  could  not 
1  August  25.  Cape  Tschel- 
8  safely  rounded  and  the 
for  the  location  where,  ac- 
TolFs  observation  in  188(5. 
Polarland,  seen  as  early  as 
lannikow,  to  the  north  of 
ught  to^  be.  This  point  was 
bout  sighting  the  supposed 
a  few  miles  before  reaching 
la,  the  southernmost  point 
t  Island,  discovered  by  the 
"  expedition,  the  ice  became 
that  further  progress  north- 
impossible.  On  the  return 
•  ship  cruised  again  in  the 
f  the  supposed  Sannikow 
'ithout  sighting  it.  On  Sep- 
1901,  the  "Sarja"  froze  in 
id  of  Kotelny,  in  Nerpitscha 
e  the  expedition  passed  the 
Vhether  or  not  Sannikow 
ere  deceived  as  to  what  they 
t  yet  be  determined.  It  is 
ble  that  they  may  have  mis- 
the  distance  and  that  the 
lie  farther  north  in  a  sec- 
touched  even   by    Nansen's 


drift  in  the  "Fram**  during  the  long 
winter  night  of  his  journey  in  1893-4. 
Being  unable  to  get  coal  from  the  Lena 
River,  the  *'Sarja"  became  unfit  for 
long  journeys ;  accordingly  Toll  re- 
solved upon  sledge  journeys  to  the 
north,  similar  to  those  undertaken 
from  the  **F^ram''  by  Nansen.  The 
geologist,  Birula,  began  such  a  journey 
May  11,  intending  to  explore  the  larg- 
est of  the  New  Siberian  Islands.  On 
June  5  Toll  followed  him,  accompanied 
by  the  astronomer  Seeberg  and  two 
Jakuts,  but  touched  only  at  the  north- 
ernmost point,  Cape  Wyssoki,  which 
he  left  on  July  1,3,  crossing  the  ice  for 
Bennett  Island.  Toll  left  Lieut.  F. 
Mattheissen  in  charge  of  the  "Sarja," 
but  August  21  arrived  before  any 
earnest  effort  could  be  made  to  proceed 
to  New  Siberia  and  Bennett  Land  to 
bring  back  the  sledge  parties.  About 
Kotelny  and  Faddejew  the  ice  was  so 
thick  that  these  islands  could  be  passed 
neither  to  the  north  nor  the  south,  and 
since  the  open  season  was  fast  drawing 
to  a  close,  Mattheissen  brought  the 
"Sarja"  back  to  the  Lena,  wliere  he 
anchored  in  the  bay  of  Tiksi  Septem- 
ber 8.  Being  too  deep  of  draft  to 
steam  up  the  river,  the  "Sarja"  was 
abandoned,  and  the  crow,  together 
with  the  scientific  <'ollection  and  in- 
struments, were  transferred  to  Jakutsk 
on  the  small  steamer  "Lena." 

It  was  exported  that  Toll  and  Bi- 
rula would  return  to  the  mainland  at 
the  beginning  of  winter,  but  Birula  re- 
turned in  1903,  in  good  health,  without 
having  seen  Toll.  Perhaps  the  condi- 
tion of  the  ice  between  Bennett  Land 
and  New  Siberia  prevented  Toil's  re- 
turn, and  it  was  held  that  he  would  at- 
tempt it  again  in  the  spring  of  1903. 
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Lakes. 


Georgian  Bay). 


Longth, 
Miles, 


390 
400 


25 
2.50 
190 
345 


Breadth,    ■       Area, 
Miles.         Sq.  Mileni. 


ir.O 
1(50 
25 
fiO 
52 
58 


31.420 
24.000 
3r>0 
10.000 
7.3.30 
25,590 


HeiKht 

above  Sea. 

Feet. 


«i02| 

57G; 

570i 

506^ 

240 

5781 


Michigan  is  wholly  within  the  United  States  and  Is  corLn^ct^ftd 
e  Huron  by  the  Strait  ot  Mackinaw. 

— Sfcai«tvcttl  Year  Book  o\  CawiAa. 
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ANTARCTIC  EXPLORATIONS. 


Though  the  quest  of  the  North  I'ol. 
has  monopotiied  the  world's  atteation 
for  more  than  a  century.  It  has  of  late 
not  been  eotirel;  wilbout  a  rival. 
The  British  eippdition  broke  the 
farthest -south  record  by  reaching  the 
latitude  of  82  deg.  17  min.  Mr.  Borch- 
grevink  previoualy  held  the  reeord  at 


8  deg.  Dl  a 


THE   BRITlSn    EIF.. 

nailed  from  Londoii  in  July,  1901.  ' 
the  DiBcovery,  under  command  of  CapL 
Scott.  It.  N.  Fearful  lest  the  currenls 
might  destroy  the  ex]tediIion.  a  rescu' 
iog  party  was  dispatched  in  1902  un- 
der Lieut.  William  Colbeck,  who  look 
part  in  the  Borcbgrevink  South  Polar 
eipedition.    The  rescuers  ou  tbe  Mom- 
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:  Wellington,  December  6,  1002, 
;umed  to  the  same  place  March 
t!i,  bringing  rei>orts  of  the  sue- 

work  of  the  main  exi)edition. 
'iacovery  reached  Cai)e  Ada  re. 
orthemmost  point  of  Victoria 
January  1),  11K.)2.  and  followed 
i8t  south ;  from  Mt.  Erebus  the 
irted  the  wall  of  ice,  di8<*overed 
ts,  as  far  as  longitude  iGo  dog. 
ere  it  turned  more  to  the  north. 
.  the  ice  wall  reared  the  high- 
overed  with  glaciers  which  Uoss 
:hted. 

er  k\l  deg.  X.  and  152  deg.  3() 
:.  the  ship  reached  its  farthest 
whence  it  returned  to  Victoria 
to  go  into  winter  quarters  in 
irdo  Bay,  near  the  volcano  Mt. 
Y  in  longitude  174  deg.  E. 
ge  journeys  began  in  September. 

The  one  led  by  Captain  Scott 
k]  for  three  months,  attaining  a 
tnder  82  de^.  17  min.,  which  sur- 

Bon;hgrevink*s  78  deg.  5()  min. 
^rly  3V^  deg.  A  second  sledge 
commanded  by  Lieutenant  Armi- 
urned  westward  of  Erebus,  and 

a  march  of  fifty-two  days 
i  an  elevation  of  9,000  feet.  Tliis 

more  noteworthy  since  all  the 
ed,  8upi)Osedly  from  spoiled  pro- 
.     The  Morning  found  the  l)is- 

still  in  winter  quarters,  and 
the  rescuers  departed   the   Dis- 

seemed  still  fast  in  the  ice. 

in  11K)3  the  Morning  and   the 

Terra  Nova  were  refitted  and 

on  a  second  expe<lition  to  ,tln' 
of  the  Discovery.  The  latt^T 
mnd  on  February  14  and  tho 
ressels  returne<l  to  Lyttlcton, 
ealand,  on  April  1,  11K)4.  Anion jr 
ef  results  of  the  expe<lition  was 
«?overy  that  Mount  Erohus  and 

Terror  are  on  a  small  island. 
lat  there  is  a  large  land  nias^< 
west  and  southwest  of  the  ico 
;,  with  ice  plateaus  1),(MM>  feet 
jtht  and  pf^aks  whirh  hmuIi  to 
It  was  dis<-ovon'd  that  th»'  Uv 

is  afloat,  though  fed  fnmi  land. 
It  high  land  lies  to  tho  s«)utlu'asT 
hitherto  unknown  extremity  of 
rrier. 

THE  GERMAN  ExrKDITlON. 

entered  the  ice-pack  south  of  tlie 

Ocean   on  February   l.'J,    V,Hr2, 

on  April  0.  ISH).'^,  and  reinrned 

voyage  highly  fruitful  of  scieii- 

•sults,  although   not    cninparalile 

he  voyage   of  tho   l)is«nv»My   in 

onal   experiencos.      Inridi'iifally 

swept    away    the   Trrii)iTiut'u)n 

>f  WJJkes,  passed  the  wiiiivr  in 


the  close  pack,  carried  out  numerous 
and  important  sledge  joumeys^iscov- 
ered  new  land  (called  Kaiser  Wilhelm 
II.  Coast),  and  actually  reached  land 
in  the  solitary  i>eak  called  the  (irauss- 
berg.  Balloons  were  use<l  successfully 
during  the  expedition.  The  farthest 
south  was  (>(>  (leg.  2  min.,  and  the 
ship  was  frozen  for  many  months  in 
ice  30  feet  thick. 

THE    SWEDISH    EXPEDITION, 

under  Captain  Otto  NordenskjOld,  left 
Euroi)e  in  October,  lUOl,  and  entered 
the  Antarctic  regions  in  February, 
1002.  The  ship  returned  from  the 
Falkland  Islands  to  Cvraham*s  Land  in 
March,  liK)2,  went  south  again  in  the 
southern  summer  of  11M)2-11K)3.  With 
the  assistance  of  the  Swedish  govern- 
ment the  Norwegian  steamer  Frithjof 
was  dispatched  for  the  relief  of  the 
Antarctic,  whose  commander,  by  the 
way.  is  Captain  Ijarsen,  well  known 
for  his  Antarctic  voyage  in  the  Jason. 
To  the  Republic  of  Argentine,  which 
sent  the  gunl>oat  Uraguay,  belongs  the 
honor  of  having  rescued  the  Swedish 
expedition,  which  was  found  at  Snow 
Hill  on  Louis  Philippe  I^nd  in  des- 
perate straits,  their  vessel  having  been 
crushed  by  the  ice  and  sunk  on  Febru- 
ary 12,  1003. 

THE    SCOTTISH    EXPEDITION, 

on  the  Scotia,  under  the  command  of 
Mr.  W.  S.  Bruse  (formerly  of  the 
Jackson-Hannsworth  expedition),  set 
sail  on  November  3,  1002,  for  what  is 
known  as  the  Weddell  (juadrant  of  the 
Antarctic  regions,  with  the  intention 
of  following  in  the  wake  of  Captain 
.las.  Wed<lell,  who  reached  a  high 
southern  latitude  in  open  sea.  This 
route  was  advisedly  seh^'ted,  as  the 
Scottish  expedition  is  devoting  its  at- 
tention to  oceanograi)hical  work.  (>ap- 
tain  Uoliertson,  the  well-known  whal- 
ing skipper.  coniniandtMl  the  Scotia. 
Contrary  to  expectation,  tlie  Scotia 
\vint»*n'(l  in  the  ice,  and  no  further 
news  of  her  has  yet  l»een  received. 

THE   FKKNCH    KXPEDITIUN, 

im<ler  tho  <'oniniand  of  Dr.  Charcot, 
sailed  from  Havre  in  August,  1!H)3,  to 
•  'Xplore  AN?xander  Ivan*!.  The  origi- 
nal i)lan  of  the  exp<*<lition  was  to  ex- 
plore Nova  Zembla,  but  just  then  the 
Swedish  (»xpedition  was  causing  a 
iTH'at  (l»»al  of  anxiety,  and  it  was  de- 
<i(led  to  direct  the  expedition  toward 
the  South  Pole  in  search  <>(  Nonlen- 
^kj<il(i.  Tlir  resriic  of  tile  Sweilish  ex- 
pi'dition  then  loft  I.>r.  (.'harcot  free  to 
make  ex\»lori\rvmi*  \\\  X\\V.^xvi\\^  X'^ 
gion». 
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Foreijr 

C™m.™. 

ElMlof 

Iniieii 

gWith^lhB 

Eiporli.  from 

lEHMins  inlD 

Y«r. 

ImpoTU. 

Exports. 

Imports  (  -  ). 

UtILWFl  8tBt» 

Unilod  St.lea 

DM^. 

DaUan. 

Didtari. 

~~~DMai^,. 

DMa^,. 

IM» 

90.433,000 

^  173.201,000 

+     njTi.im 

9.809,529 

10.300.873 

IWZ 

28.101,784 

'  13,843.001 

iftoa 

■iilniiooo 

>«e;403,ooo 

IWB 

S49.228.O0O 
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*  »■"■"» 
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■4S».4Tj;600 
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S.MT.000 
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1900 
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1)072:000 
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1901 

2.18J.000 

3.24  .000 
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1.3M.518 

I90I 

1.IS2(.000 

3.020.000 

+         l.p.O-M 

808.329 

'6«3:«9 

IMU 

48.33(1.000 

3.753.222 

7,  35,839 

19K.3«4,000 

-   oa:;'j4:oM 

2S.  82.113 

18>8 

10.895.000 

l>t,4R7.000 
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2:023:404 

8.  40,013 

>I«B 

58.826.000 

77.H49.000 
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21.7fl9..«2 

82.  41,942 

1901 

I1S.72S.000 

83,730.000 
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68,494 

1002 

7.029.000 

B.BI 1,000 
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1: 347:830 

71.229.000 
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43.101.000 
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(•) 
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84e.ais.ooo 
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04.223.000 
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190[ 
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'  3o:e40 

11,702 

1903 

20,034.000 
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J.M0.000 
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1.127,041 

1902-3 

2M.S14.00a 

51.H31.605 

1902 

342.718.000 

-      5h:54I:000 

33.012.864 

1902 

133.322,000 

127.328,000 

-        7,990,000 

21,(122.803 

40.307.582 

1902 

S.O30.00O 

6.BS1.000 

S.744.00a 

237.130 

•1903 

74.890.000 

88:200:000 

4-   i3:sto:ooo 

42,2  7,7X0 

■■■'<li„t62;9(B" 

1901 

8«7.30S.000 
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74,5  6,164 

20JMM.iH8 

1001 

88.804.000 

0S,724,00O 

2.2  0,063 

15.343.948 

1903 
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(') 

2.270.000 

3:7«7:00O 

''i4,H1S 
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23.703.000 
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J.J  1.418.000 
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1.02S.7I9.000 
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l«» 

4483.000 

isa« 

8.S60.000 

i  '.9K)'.nD 

+      o:j4n:i"in 

i;ia>V.iw 

%,MftS\1 

ll.iai.Ka.000  1 

l0.2e6,IKT.Om 

T'si™  ■!"! 

1.35ft.W£.Via 

^3i«^^^•5?*— 

eir^r 

"Noi  incluM 

In   total.        >  •\ 

\«.\    \BU\W  ^>»»« 

fe^"* 

Toaim.  Annan 

,  C«rob™(i«,   « 

n<:\u.\\ns  ^ 

fcuA  VOV^A*^^"^  "^ 

SCIENTIFIC  AMERICAN   EBFBBBNCB   BOOK. 


CHAPTER    n. 


SHIPPING     AND     YACHTS 


SUMMARY  OF   SHIPPING. 


The  growth  of  our  merchant  marine 
is  slow,  and  is  in  no  sense  commensu- 
rate with  our  phenomenal  advance- 
ment in  manufactures  and  commerce. 
At  the  same  time,  it  is  a  fact  worthy 
of  note  that  the  documented  tonnage 
of  the  United  States  on  June  30,  1903, 
for  the  first  time  in  our  history  exceed- 
ed 0,000,000  gross  tons  register,  com- 
prising 24,425  vessels  of  0,087,345 
gross  tons.  These  figures  do  not  in- 
clude 1,828  yachts  of  74,990  gross  tons. 
The  total  shipping  of  the  United  King- 
dom for  19i»2  was  20,258  vessels,  of 
15,357.052  gross  tons  (vessels  of  Brit- 
ish colonies  number  15,533  of  512,2(58 
net  tons).  On  January  1,  1902,  the  to- 
tal shipping  of  the  German  Empire  was 
6.024  vessels  of  3,503,551  gross  tons. 
The  shipping  of  the  United  Kingdom 
and  Germany  is  largely  employed  in 
developing  foreign  trade.  The  ship- 
ping of  the  United  States  is  almost 
wholly  a  part  of  our  domestic  trans- 
portation system.  On  June  30,  1903, 
5.141,037  gross  tons  were  engaged  in 
transportation  and  coastwise  trade, 
879,204  groj^s  tons  were  devoted  to 
foreign  trade,  and  67,044  to  fisheries. 
The  distribution  of  our  tonnage  on 
June  30,  1003,  was :  Atlantic  Ocean, 
3,157,373  gross  tons;  Pacific  Ocean, 
812.170  gross  tons;  the  Great  Lakes, 
1,902,098  gross  tons;  Mississippi  sys- 
tem, 215.095  gross  tons.  Our  ship- 
ping on  the  Pacific  has  increased  more 
rapidly  than  on  the  Atlantic.  In  re- 
gard to  motive  power,  3,408,088  gross 
tons  were  propelled  by  steam,  and  1.- 
905,924  gross  tons  were  sailing  vrs- 
sels,  and  713,333  gross  tons  of  canal- 
l>oats  and  barges  were  variously  pro- 
pelled. As  regards  the  materials  of 
con<<truction,  2,440,247  gross  tons  \v<»ro 
of  iron  and  steel  construction,  and  .'{,- 
647,098  gross  tons  were  of  wood.  Tlh' 
following  table  shows  the  geograiihical 
distribution,  motive  power,  an(l  ma- 
terial of  construction  of  American 
shipping  June  30,  1903. 


American  Shipping.     !  Number. '^^^JJJ^ 


GEOGRAPHICAL   DIS- 
TRIBUTION. 

Atlantic  and  Gulf  coastA . 

Porto  Rico 

Pacific  coast 

Hawaiian  Inlands 

Northern  lakes 

Western  rivers 


Total. 


I'OWER   AND    MATERIAL. 

Sail: 

Wood 

Iron  ami  steel 


Total. 


Steam: 

Wood 

Iron  and  »t«el. 


Total. 


Canal  boats. 
Barges 


Total. 


CONHTUl'CTION    DTRING 
THK    YKAK    1903. 

Geographical  disln'hiUion. 

Altantic  and  Gulf  coasts. 

Pacific  coast 

Northern  lakc't 

\Ve,"<terii  river«» 

Total 


17,218 

59 

2,576 

69 

3.110 

1.394 

3,149.711 

7.662 

775,859 

36,320 

1.902,638 

215,095 

24.425 

6,087,345 

16.187 
184 

2.391,017 
288.240 

16,371 

2,679,257 

6,675 

'   1,379 

1 

1.256,081 
2.152,007 

1   8,054 

3.418,088 

695 
2,840 

78.406 
634.927 

3.535 

713.333 

847 
191 
123 
150 

244.860 
43.336 

13<),S44 
11.112 

PnirtT  and  material. 
Sail: 

W.HVI 

Steel 

Steam: 

Woo.l 

Iron  and  steel 

('anal  boats 

Barges ; 

WckmI 

Steel 


1,311    I      436,152 


466 
4 

451 

100 

19 

267 
4 


Total ^     \,'i\\ 


77.795 
12,184 

31.674 
240.107 

*<,.d  Id 

66,249 
5.928 
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DuriDg  the  years  1902  and  1903, 
nearly  100,000  tons  of  large  ocean-go- 
ing steamers  have  been  added  to  our 
registered  fleet. 

The  subject  of  the  losses  of  vessels 
from*  various  causes  is  a  most  impor- 
tant one.  During  the  year  ending 
June  30,  1903,  487  vessels  of  107,084 
gross  tons  were  reported.  The  num- 
ber and  rig  of  vessels  lost  is  shown 
by  the  annexed  table : 


nearby  countries.  The  excellent  light- 
house system  of  the  American  coast  and 
care  in  navigation  have,  however,  over- 
come liability  to  accident  from  the  nt* 
ture  of  our  trade  along  the  coaats. 
('ollision  differs  totally  from  strandiaf 
in  that,  for  its  prevention,  one  most 
look  to  the  navigating  officers.  The 
figures  show  that  superior  care  and  in- 
telligence are  possessed  by  the  navi- 
gating officers  of  American   steamers. 


1  • 
Rig.                   Stranded. 

Collision. 

Fire. 

Foun- 
derecl. 

Aban- 
doned. 

Total 

Steam 1           21 

8 

25 
3 

49 

61 

2 

28 

107 

10 

106 

Sail 153 

13 

359 

Unrigged '            7 

22 

Total 1         K.l 

13 

36 

112 

145 

487 

The  very  heavy  percentage  of  loss 
of  steamers  by  tire  discloses  unsatis- 
factory attention  to  duty  in  the  hold 
or  insufficient  tire  apparatus,  or  both. 
The  table  given  includes  lost  American 
vessels  of  all  sizes  on  the  rivers  and 
lakes  of  the  country,  as  well  as  salt 
water.  For  comparison  of  the  relative 
losses  of  the  merchant  shipping  of  the 
United  States  and  foreign  nations^  the 
most  complete  figures  are  those  ot  the 
"Bureau  Veritas."  They  cover  only 
sea-going  steamers  of  over  100  gross 
tons  and  sea-going  sail  vessels  of  over 
50  net  tons.  The  i)roportion  of  for- 
eign vessels  on  the  ocean  is  so  great 
and  of  American  vessels  so  small  that 
the  figures  do  not  clearly  disclose  tlie 
relative  security  of  navigation  under 
various  flags  and  laws.  Figures  show 
that  American  sea-going  vessels  from 
180r.  to  1(M)3  have  l)eiMi  less  liable  to 
accident  but  more  liable  to  total  loss 
than  foreign  steamers,  wbile  American 
sea-going  sail  vessels  have  been  more 
liable  both  to  accident  and  loss  than 
foreign  sea-going  sail  vessels.  The 
losses  of  both  steamei*s  and  sail  vessels 
of  all  nations  are  due,  of  course,  more 
to  stranding  than  to  any  other  cause, 
as  it  accounts  for  47  per  cent,  of  the 
losses  of  American  sea-going  steamers 
and  5,*]  per  cent,  of  the  losses  of 
American  sea-going  sail  vessels. 
The  losses  of  for*^ign  steamers  are 
44  per  cent.,  and  the  losses  of  for- 
eign sail  vessels  4<5  jjer  cent.  There 
is  a  special  reason  why  American  ves- 
sels are  more  liable  to  stranding 
than  the  vessels  of  other  nations  which 
conduct  the  world's  deep-sea  trade. 
American  vessels  are  seldom  found  in 
midocenn  on  long  voyages.  Their 
course  is  usually  along  our  own  coasts 
///  t})o  (loniostic  truflv,  or  in  trade  with 


The  third  cause  of  loss  and  accident 
in  the  order  followed  by  the  **Bureaa 
Veritas"  is  fire.  The  element  of  di- 
rect human  responsibility  in  the  case 
of  fire  is  considerably  greater  than  in 
cases  of  collision,  where  fog  and  the 
fault  of  the  second  party  to  the  colli- 
sion may  produce  disaster,  and  is 
much  greater  than  in  cases  of  strand- 
ing, where  fog,  defective  charts,  and 
an  inadequately  lighted  coast  add  to 
the  perils  which  stress  of  weather  al- 
ways creates.  Afloat  or  ashore  fire 
se«»ms  usually  to  be  a  peril  to  life  and 
property,  to  be  guarded  against  only 
by  a  higher  degree  of  men*s  watchful- 
ness or  by  better  extinguishing  ap- 
pliances. Each  vessel  is  separated 
usually  by  the  water  from  every  other 
vessel  as  buildings  ashore  are  not  sepa- 
rated, so  that  extra  precautions  should 
produce  better  results  with  ships  than 
with  buildings.  The  American  steam 
fleet  contains  a  considerable  propor- 
tion of  wooden  hulls,  while  foreign 
steamers  are  usually  steel.  Still  it  is 
not  pleasant  to  notice  that  while  the 
loss  of  18  per  cent,  of  lost  American 
steamers  may  be  charged  to  fire,  the 
loss  of  only  4  per  cent,  of  lost  for- 
eign steamers  is  charged  to  this  cause; 
that  while  8  per  cent,  of  damaged 
.American  steamers  snftered  from  fire, 
only  5  per  cent,  of  foreign  vessels  came 
from  this  cause:  that  4  per  cent,  of 
lost  American  sail  vessels  were  bunuHl 
anri  only  2  per  cent,  of  lost  foreign 
sail  vessels  were  burned.  The  only  re- 
lieving fe.'itnre  of  these  particular  fig- 
ures is  that  \ho  i>roi)ortion  of  accidents 
from  fin»  to  American  sail  vessels — 3 
per  cent,  of  the  total — was  the  same  as 
to  foreign  vessels.  The  situation  dis- 
closed nuiy  U*  corrected.  Whether  that 
corrootiou  sbowUV  couwi  (voiu  the  under- 
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>r  from  the  Government  in  its 
re  or  executive  branch  is  not 
sidered. 

ion  to  a  great  extent,  and  fire 
ater  extent,  cause  loss  or  awi- 
vessels  mainly  through  lack  of 
d  vigilance  of  the  onicers  and 
Except  where  caused  by  uiiu- 
rms  or  waves  vessels  founder, 
ther  band,  on  account  of  struc- 
reakness  of  the  hull.  This 
IS    may    be   inherent    and    the 

the  builder,  or  it  may  be  due 
nd  inadequate  repair,  the  fault 
wner.  In  rare  cases  a  new  ves- 
^ndidly  built,  may  yield  to  the 
The  separation  of  causes  of 
the  "Bureau  Veritas"  into 
ed,  abandoned,  and  missing, 
roi)er  enough  from  the  point  of 

the  statistician,  is  not  wholly 
tory  to  those  required  to  deal 
cts  from  the  point  of  view  of 
remedy.  The  three  classes, 
ed, «  abandoned,  and  missing, 
)nstitute  one  class  for  remedial 
8.  That  class  consists  of  ves- 
ich,  on  account  of  defects  of 
I,  are  lost  at  sea.  Most  of 
ounder.  Some  of  fbem  are 
led  by  their  crews  and  the  ship 
:  actually  go  down  before  their 
111  of  these  ultimately  go  down 
the  proportion  kept  afloat  by 
argoes,  such  as  lumber-laden 
rs.     This  small  proportion  con- 

the  class  known  as  "derelicts." 
(defects  in  a  vessel's  bottom) 
)OUt  2  per  cent,  of  the  accidents 
rican  steamers  and  to  foreign 
8.     Leaks,  again,  cause  20  per 

the  accidents  to  American  sail 

and  only  15  per  cent,  of  the 
ts   to   foreign   sail   vessels, 
s    of    weather    or    storms    ac- 

for  10  per  cent  of  the  acci- 
o   American   steamers,    1.3   per 

accidents  to  foreign  steamers, 
cent,  of  accidents  to  Amorlcan 
aels,  and  35  per  cent,  of  acti- 
D  foreign  sail  vessels.  Doul>t- 
;   excellent   system   of   weathor 

and  storm  warning  along  tlip 
in  coasts  helps  to  produce  this 
le  showing  for  American  v«'s- 
'he  principal  cause  of  accidents 
rican  steamers  lies  in  the  en- 
id  boilers  to  which  29  per  cent. 
steamer  accidents  are  charged. 
?d  with  24  per  cent,  for  for- 
amers.  Collision  (31  percent.) 
rincipal  cause  of  Britisli  steani- 
lents;  stranding  (31  per  rcnt.i 
man    accidents.     Arcidonts    to 

and  boilers  may  bo  r///c  to  r/«»- 


fective  original  construction,  to  inade- 
quate repaii*s,  or  to  faults  of  the  men 
in  charge  of  them,  (ienerally  speak- 
ing, American  machinery  holds  a 
high  place  in  the  world's  esteem,  and 
while  positive  evidence  is  not  at  hand, 
it  still  seems  prolmhle  that  American 
marine  engines  and  boilers  are  e(|ual 
to  tliose  of  foreign  make.  If  that  be 
so  then  tlie  large  proportion  of  acci- 
dents from  engines  and  boilers  must 
proceed  from  one  or  both  of  the  other 
two  causes  mentioned.  The  returns 
of  the  number  of  men  including  mas- 
ters required  to  man  the  documented 
fleet  of  merchant  vessels  and  yachts 
of  the  United  States  report  crews  ag- 
gregating 135,828  men,  88,249  men  be- 
ing engaged  on  steamers,  while  the 
crews  of  sailing  vessels  number  45,- 
030  men,  and  unrigged  boats  require 
2,540  men  to  man  them.  These  fig- 
ures are  onlv  for  the  crews  reported. 

Returns  for  1003  show  that  3,080 
American  steam  vessels,  including 
yachts,  aggregating  2,01>4.8(>G  gross 
tons,  are  propelled  by  engines  aggre- 
gating 2,300,202  indicated  horsepower. 
The  figures  indicate  an  annual  con- 
sumption of  about  10,(K)0,(K)0  long  tons 
of  coal  for  fuel  on  these  steamers,  and 
the  employment  on  board  of  about  20,- 
fXH)  men  as  firemen  and  trimmers.  The 
total  number  of  steam  vessels  ( includ- 
ing motor  launches!  on  .Inne  30,  1003, 
was  v*^,801  of  3,450,044  gross  tons,  so 
that  tlie  figures  stated  cover  8(>  per 
cent,  of  our, steam  tonnage,  in<'luding 
yachts.  In  the  navy  207  steam  vessels 
of  2^>«j.053  tons  (disphicement )  ane 
propelled  by  engines  of  024.74.5  indi- 
<ated  horse-i)owe;\ — Condensed  from 
the  Report  of  the  V.  S.  Commissioner 
of  Navigation. 


Flag  Day. — Flavr  I>ay  is  .Tune  14. 
"Old  dlorv"  was  127  years  old  on  June 
1  1.  10i)4. 


NATIONAL  SWISS  RAILWAYS. 

Four  of  the  chi«'f  railway  lines  in 
Switzerland — the  Central  Suisse,  the 
Xord  Kst.  the  I'uion  Suisse,  and  the 
.Tura-Siniplon — have  been  nationalized. 
There  only  remains  the  St.  (Jothard 
Company.  The  existing  concession 
will  l>e  ren«)nn<M'd  190.5.  and  the  ])nr- 
ciiaso  prir«>  fixed  on  the  basis  of  the 
a  vera  ire  re\\\n\s  ul  \\w  \V>  >"0W'^'?.  V'f'^- 
ceding  18V)4-A\m. 
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STATEMENT   OP   NUMBER   AND    NET    AND   GROSS   TONNAGE  OF 

STEAM  AND  SAILING  VESSELS  OF  OVER  100  TONS,  OF 

THE  SEVERAL  COUNTRIES  OF  THE  WORLD, 

AS  RECORDED  IN  LLOYDS 

REGISTER  FOR  1903-4, 


Fl«(. 

Slum. 

U,. 

Totnl. 

"c:- 

»"-- 

GroM 
Toiu. 

t 

""'»"- 

Num- 
ber. 

Too- 
n>«.. 

Is?.'"-"'" 

7,iM 
8.iS3 

8,283,721 

13,410,894 

'■S 

1,478,877 
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u.my.i 

8,700.1S3 

14,IS3,S82 

l,!20,9BS 
1,001.072 

2.5SI 
2.119 

1.812,782 

1.2SK.980 
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'■S 

as 
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1.J11 

1 

« 

38S 
I.4M 

a 

Sli2 

1 

l,iC«,473 
<4,(t7S 

If 

2g3|490 
387,800 

I,720!l0G 

.  if 

57a!se8 

27,0» 

2,2M.0«7 

s 

eo,4»i 

38.UO 

sa 

I.I53,7ei 

SS5,542 
IS.ZIO 
flJS.!2B 

S1JI7 

II 

23:330 

2.17S 

S9 
4t4 

102 
l.<M2 

1 

15 

1,389,889 
24,918 

""« 

22,970 
39,572 

"M 

4;«,;2« 

"lli! 

ao.os7 

"AS 

219.135 
r>l.«26 
s:333 

3.380 
21S 

318 

ins 

799 

■joi 

2.318 

;f 

3.Bll.tW 

A,«,n(i„, 

A^HungariM 

BWinnV.;::;;:::::::: 

1 

•iS-fr 

French 

11 

pSS^riioVn;!-;::::: 

SI.M 

TMbI.  incluflinK  cuun. 
lrie»nr>li>p«nieH.  ... 

17,7B1 

1 
tn.Sr2.4flH  1  27.IS3.3(K 

1!.1«! 

A.459.7A6 

».... 

33,IM3.1tl 

THE  WORLDS  LARGE  AND  FAST  OCEAN  STEAMSHIPS. 
TliP  following  table  sbowa  tlie  sen- 
Kolng  Hi'tRw  sIcHmahipn  in  tlJi!  norlil  of 
12  koolH  UT  uiinartl.  aud  uf  2.()0II  Ktosx 
tons  or  more,  rii'orrtwJ  In  LIovJ'm  Rpk- 
isUTOn  July  1,  11H»3.  inc-lu'lmg  a  tp«- 
veawls  buildiuR  at  that  lime.  While 
In  toniiain>  lhi>Hv  v<>!i.s<'iA  are  about  onc- 
fonrth  n(  Ihi-  world*!!  tmi-Kuinit  Hiram 
tonnafw.  in  ctlicicnc.v.  due  to  tlicir  tiizp 
and  nfHfA,  thcv  rpprpsi-nt  more  iii»arly 
oile-tbini  of  rbp  cfffs'tivp  oiimn.iiirrv- 
ing  iHm'pr  of  IhP  world  in 


f..r 


nd    < 


■111    < 


■m.Ip. 


1003. 

b^" 

t™ 

Twtnty  knot*  and  ovpr.  .  . . 

lender  IN  ami  anr  IS  knnts 
rnii-rlSond.jVMl7kn.,i- 
rni|prl7nmlnvprlillio..li. 
l>Wrfian.l  over  1.5  kn-IH 

T.Ao\ 

1 

80 

1 

236.1  H 

ii 

2.(m.m 
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The  foIlowinB  lablc  daBsLBefl  these   veasela  in  1903,  according  t 
flag: 

o  speed  aid  T 

SO        19 

Speed  ioKooU. 
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• 

H        M        RO    1    98 

ISt 

.»" 

soa 

ijn 

MOXrVB 

POWER  AND  CH 

THE  WOR 

lEF 
LD'S 

MAT 
MER 

ERU 
CHA 

LS  OF  CONSTRUCTION  OP 

NT  MARTNE. 

3Z,S08  23.151. G5I  ' 
30.308  ,  2i.l07.iai  I 
2N.423    I  29.l>l3.7Z'i 


S.aflS.SH  I    21.190 


M83.305      16.S22,46«       12.182 


nUoyd's,  lOOtonH 
TONHTBUCTIO.N. 


Year. 

ToWl 

v..«u. 

SwiuD.           : 

Sul. 

"iT" 

Tons. 

ber.      1                     1 

^' 

HetT«i>. 

l»«l..- 

...J  ,.» 

1,646.800 
1.21I.61I5 

2;3«:31B 

880      1    1.328.S4I    1 
629      1    IJM.OIB   1 

900      1    2;!IS>.00 

319 

31S,»8 

£:;: 

■;; '  !;i 

ai 

na),  sQCordiug  to  Lloyd's  (includiiiR  t 


The     followins     statemeot     of     thp  i   dearanceu  from   18:;l   to  l'J<J3,  is  tur- 

value  of  imports  and  eiporiB  rarrieit  nisbed   by    tlie    Bi]r<>itu    of   Statistic-H, 

in    I'niled   States  and  in  foreign  vph-  Treasury  ncimrlmeut ; 

sels,   and   the  tonnage  of  entries  and  j 


,.„™. 

1                            Em«..-. 

Fi«  J  Y».r- 
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VehiflS" 
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InForewn 
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74.SSS.lIfl 

sil- 
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1I,S39,1I>7 

as.tS]',ni 

SS.S 
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a3R.ao4.7u 

747.370,fl« 
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I!S::::;::: 

IWO 

JSoi-QM 

,aS*" 

187T''eLix. 

ti^sUlsd 

■a<]  other  land  Tfhiclin 
a  miied  gold  and  cumoc 

■  voluw  ironi 

ralely  itBter) 

lS«i  tu  IJUiB 

PAKAMA  KOL'TE. 


Tb?  followlDK  table  shows  the  dJs-   | 
taores  by  the  proptraed  Panama  routo 
from  Home  uf  the  priocipal  seaports  of  | 


North  and  South  AmeH'*n,  Euroiiv 
Afiitn.    to    Snn    Fraii<-i!«-o   aiici 


Bi.  PncndiuiK. 
Bbotkbolm 


From 

eiMo. 

4;7si 

4:SS4 
4:S73 

4;22« 

4:o3« 

Fr.,r.^ 

1  'in™' 

Ifn'lT 
\-.l|,o- 

,425 

ii 

4|S9« 

41732 
4.S33 

Is 

7.-2B 

1    Hfemei, 

[.i.llClli 

i:ih.ralla..    . 
Rarc.,1,.™,  ,,    , 

(•.iii-Iniiim.>r.!c. 

iliSlj 

7..MS 

Pbil*d«lphi>.  ., 

7.21^1 

^■^^ 

If 

i-5 

Oidvaton 

s^j^'ip.iiX'.'.- 

Bo«io.Ay™. 
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PANAMA. 
NJCARAGUAi 


49  Milk    TOTAL     l£N6Ti 

196.53  Milts 


IfNBTH  %_lffARPN£SS OF  Ci/RVATi/ffE 

I  OCKS. 


49.29  Hi 


UlAUHAM  SlKlWlNd  Stt'l-EKIolt 


I'ANAMA,  Si:i:/„  AM)  CAI-E  OK  ,  WOKLlfS  OUTPUT  OF  TONNAGE 

(i(M)i)  iioi'K  HorrKS.  _-         

nic    followillB    lllbl.'    Kivi's    llii'    'li"-                    (■..unlrifs.                    IMJ.      |      IMH. 
tnniT  fwm  New  York  (o  i...rlM  iirmn.-'l         — , 


",.;,., 

s::;«!i'l 

T.1IH-.1. . 
six':,;; 

'v.'^  ISS  !  1;:!;!    li: 
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1^™; 

■  r a,i;iin.j...iii-.:;:: 
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17,301 

(a,72B 
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DIMENSIONS  OF  THE  LARGEST  FAST  OCEAN  STEAMERS. 


The  largest  and  in  many  respects 
the  highest  type  of  marine  architecture 
is  to  be  found  in  the  modern  oi'ean 
greyhound  for  transatlantic  trade.  In 
recent  ^'ears  the  rival  companies  have 
vied  with  each  other  in  the  effort  to 
excel,   and   8team8hii>8  of  larger  size, 


greater  speed,  and  more  perfect  equip- 
ment have  fol]o\ve<]  each  other,  until 
it  would  Koom  that  the  limit  had  heen 
ronched.  In  the  accompanying  table 
the  largest  and  mo»t  recent  steamers 
are  placed  in  comparison  ""'*'"  *'"' 
"Great  Eastern." 


with   the 


Name  of  Ship. 


Great  Eastern 

Paria. 

Teutonic 

Giimpania 

St.  Paul 

Kaiser  Wilhelm  der  Gfoam. 

Oceanic 

Deutffchland 

Baltic 


Date. 


Length 
over  All. 


1858 
1888 
1890 
1893 
1895 
1897 
1899 
1900 
1904 


Beam. 


Depth.   'Draught,  ^ir'^lff^,     mSl" 

°»<^"'-    '   S|>eed. 


Feet. 

Feet. 

092 

K3 

500 

(->3 

585 

57^ 

625 

65 

554 

63 

649 

66 

704 

68 

686^ 

67* 

725f 

75 

Feet. 
57* 
42 
42 

41* 

42 

43 

49 

44 

49 


Feet. 

25* 

26* 

20 

28 

27 

29 

32* 

29 

30* 


1  on». 
27,000 
13,000 
12.000 
19.000 
14,000 
20.000 
28.500 
22.000 
40,000 


Knots. 
12 
20 
20 
22 
21 

22.35 
20 
23.5 
20 


SPEEDS  OF  OCEAN  GREYHOUNDS. 


The  following  tables  show  the  fast 
recorded  times  in  which  journeys  have 
been  made  between  English  ports  and 


those  of  the  United  States,  Canada, 
India.  China,  Burmab.  Australia, 
South  Africa,  and  the  West  Indies. 


The  Atlantic 
Reconi. 


Line  or  Company. 


Deu  t.schland 
( 16,500). 

Kronprinz  Wil- 
helm ( 15.000). 

Kaiser  Wilhelm 
II. 

Lucania  ( 12.952);  Cunard 


Hamburg  -  Amer- 
ican. 

North  -German 
Uoyd. 


Dis- 
Timing  of  Record  Hun  taken  '  ^aS- 

cal 
i  MilPM. 


between 


Keconl 
Run. 


I        n.   II.  M. 
New  York  (Sand V  Hook)  and     2,9S2  :  K.    5     7  3« 

Plymouth  (off  Ivldystone). 
New    York    (Sandy    Hook)  ;   2.978     E.    5     8  18 

and  Plymouth.  ' 


North-German.  New  York  (Sandy  Hook)  and     3.112     K.    5  1158 
Lloyd. 


White  Star. 


I 
St.  Paul  (11.629);  American 
Teutonic 

(10.000). 
Minneapolis 

(13.402). 
New    England 

(11,400). 


Plymouth  (off  E<ldvst<me). 
Queenstown  (Daunt's  Rotk)     2,779  |  W.  5     7  23 

and  New  York. 
Southampton  an<l  New  York.i  3,04(1 
Queen.*»town  (Daimi'.**  Rock)     2,778 
I     and  New  York.  j 

Atlantic  Transport  (Off)  Dover  and  New  York     3,2r>5 

I     (Sandy  Hf»ok ). 

Dominion Queenst^iwn  (Daunt's  Rock)  '  2.03<) 

and  Boston  Light 


W.  (J     0  31 
W.  5  1(J  31 


Tunisian;  Allan Rimouski  and  .Vloville  (Ire-  |   2.307 

(10.570).  !  .     land)  via  Relle  Me. 


W.  8  2  31 
W.  0  12  42 
E.    ()     5  20 


Spee<l, 
Knots 

per 
liour. 


23. 3G 
23.21 
23.58 

21.81 

21.08 
20.34 

10.80 

H).ri2 

15.5 


E. »  Sailing  ea.<itward. 


W.=Suiling  westward. 


—DaUuMuil  Year  Hook,  1904 


RECORD  OP  ATLANTIC  PASSENGER  SERVICE  TO  NEW  YORK. 


Year. 


1890 
1897 
1898 
1890 


No.  of 
Pas- 
sages. 


852 
901 
812 
826 


99.223 

90.932 

80.586 

107,415 


Steerage. 


252.350 
192.004 
219.051 
303.762 


Total. 


3.'»1.'»73 
3.s2.03'i 
300.237 
411.177 


Year. 


I0()0 
1 90 1 
1902 


No.  <»f 
Pas- 

.S3S 

SS7 
922 


Cabin.     Steerage.'    Total. 


137.S52 
12^.U3 
139.S4S 


403.491  541. .343 
43*<.M'»S  I  .-)r.7.011 
574.27C.      714.124 


— 1  )«n  I  ;i  M  ail  Y  mr  Book,  Vi^. 
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RETURN    OF    PASSENGERS    LANDED    AT    NEW  YORK    BY    FIVE 

PRINCIPAL    LINES. 


1902. 


Line. 

Cabin. 

North-tJerman  IJoyti 27,707 

Haniburff-Ainorican 20.i;yS 

White  Star IH.402 

Ciinanl '  10.308 

American 14,456 


1901 

I 


Steerage.       Cabin. 


i9oa 

Steerage.      Cabin.      SUtenw^ 


110.097 

22.900 

98,988 

20,977 

40.225 

18.107 

23.(i50 

17,783 

20,658 

12,110 

I 


101.384 
78,560 
30.483 
19,943 
12,511 


26.577 
23.657 
14,948 
20.000 
16.435 


92.149 
72.245 
29,370 
22.751 
16,884 


—Daily  MaU  Year  Book,  IMi 


FIRST  STEAMBOATS,  PIONEER  SAILINGS,  AND 

EARLIEST   LINES. 


^  1707.  Deni."*  Papin  cxperinionted  on  Biver 
Fuhia  with  paddle- wheel  steamboat . 

173C.  Jonathan  Hulls  patente<l  dc^i^nH 
similar  to  modern  pa<ldle  boat. 

17C9.  James  Watt  invented  a  double-art ing 
Hide-lever  engine. 

17S3.  Marqucssf  of  Jouffrey  made  ex|>ori- 
mentH  in  France. 

17S5.  Jamev  Ramsey,  m  America.  pr<»pellcd 
a  boat  with  .>«toam  through  a  .st<rrn-piiM>. 

17S5  Kobert  Fitcrh.  in  .Amcnoa.  proiielleii  a 
boat  with  canoe-paddles  fixe<l  to  a  moving 
beam. 

1787.  Robert  Miller,  of  Fdinburgh,  trieil 
primitive  manual  machinery. 

1788.  Miller,  with  Symington.  T)roducod  a 
double-hull  Mern-wheel  steamboat. 

1802.  i'harlottf  Dundntf,  the  fir>t  i)ractical 
steam  tugbtuit.  de>igneil  by  Symingtmi. 

1SI)4.  Phanix,  M-rew-boat  ile-i|ined  by 
Stei)h(Mi.s  in  New  ^Ork;  fir>l  steamer  l<»  make 
a  >ea  voyage. 

1807.  (  hrni(nil.  i\r>t  pas.>*oiigcr  steamer  con- 
tinuou.-ly  empUiyed;  built  by  I  ulton  in  l.  S.A. 

1812.  (imul,  lirst  passenger  steamer  con- 
tinuously employcil  m  llurope;  V)uilt  by  Miller 
in  Scothtnd. 

1818.  lioh  Ii0]i,  lirst  sca-lrading  steamer  in 
the  world,  built  at  (lla.^gow. 

1819.  Snvannnh.  first  auxiliary  steamer, 
naddle  wheel>,  ti>  cro.-v  the  Atlantic:  built  in 
New  Yctrk. 

1S21.  Anroti  Manhi/,  first  steamer  (Fngli-h 
cjinal  l)oat)  built  of  iioii. 

iSL'.'i.  City  of  I>ublin  Steam  Packet  Co.  was 
otabli-liCMl. 

1824.  (ienoral  Steam  Navigation  Co.  wa- 
establi>heil  at  I.otidon. 

18LM.  (ioorge  Thomp-'on  A:  Co.  i,\l»rtdcen 
Line),  were  e-'ttibli-hed. 

1S2.').  Ftittrpni**'  made  the  lir.«>t  >t(-nm  |»a.»is- 
:iire  to  Tn<lia. 

lS2o.  Willmni  Fnimft,  i<ioneor  steamer  of 
the  1>.  A-  n.  S.  N.  c<.. 

}>s:V).  T.  iV  J.  Harri-oii  f  Ilarri.-on  line)  were 
r-tabli.-hed  at  I.i\eriKiol. 

]S'A'2.  hlhurhtfi,  iroii  -teamer.  took  a  private 
exploring  partv  up  tlie  Nicer. 

1S.S4.   I.loy«r«     Reiri-ter     f<ir     Rriti.-h     ami 


1836.  Austrian  Lloyd  Steam  Navicati<»  Odi 
established  atTriettt«. 

1837.  Francis  H.  Ogden,  first  euocmdd 
hcrew   tuglx)at;   fitted   with    KhcMon's  pio- 

I»eller. 

18:^.  Archimedea,  maile  the  Dnver-Cdait 
pa.x.-mge  under  two  hours,  fitted  with  Smith't 
proj)eller. 

1838.  li.  F.  Stockton,  built  for  a  tugboAt, 
fitted  with  Kric»son'8  propeller,  sailed  to 
America:  first  iron  vessel  to  cross  tne  Atlantic; 
first  screw  steamer  use<l  m  America. 

1839.  Thames,  pioneer  steamer  of  the  Royal 
Mail  Steam  Packet  Co. 

1839.  CJeorge  Smith  &  Sons  (City  lina) 
were  establi.shed  at  Glasgow. 

1840.  Hritannia,  pioneer  steamer  of  tbt 
Cunard  Line. 

1840.  Chile,  pioneer  steamer  of  the  PacHk 
Steam  Navigation  Co.  • 

184.5.  Great  Britain,  first  inm  screw  steunv* 
precursor  of  modern  Atlantic  steamer. 

184.5.  Tho.-.  Wilson.  Sons  &  Co..  Ltd.  (WiJ- 
.M>n  Line),  established  at  Hull. 

1847.  Pacific  Mail  Steamship  Co.  e>tabli8had 
in  .\meriea. 

1849.  Iloulder  Brothers  &  Co.  establiBfaad 
nt  London. 

18.50.  Hullard.  King  &  Co.  (Natal  Line)  es- 
tablished at  London. 

18o0.  Mossageries  Maritimes  de  France  e»* 
tabli>he<i. 

1850.  Innian  (now  American)  Line,  estal^ 
lislied  at  Liverpool. 

1N.5I.  7'//«r,  fir>t  steamer  of  the  Bibby  Line, 
establi^he<l  1821  at  Liverp<K>l. 

isf)!'.  Forvruhtur,  jiionecr  steamer  of  tht 
.\t'rican  .*^tl■alIl.■>>ll'|»  Co. 

l.s.5.'^  Cnion  .'^teaTii.-hip  Co.  was  establi»bed 
(now  r n ion-Cast Ic   Line.) 

18'i.S.  Ii<fru«sia.  \\r--\  steamer  of  the  Hun- 
Imrg-Amciiran  Packet   Co..  established  1847. 

I8r)4.  (\itiiviinv.  first  steamer  of  the  AUaB 
Line.  eMaMi<}ieil  1.S20. 

isaf).  Hriti-li  India  Steam  Navigation  Co, 
was  established. 

lS.5t'».   Tnrr,'ti>t.  fir««t  steamer  Anchor  Line. 

1S.5S.  Hnnun.  f-r-t  -\tlantic  M earner  of  tb6 
Nor«l<leutM  her  Lli\d.  e-tablished  18iS6. 

18.'»8.  (irtiit  Fn''ti'n  launched  into  tbfl 
Thames.  Jan.  31 :  cotinnence^l.  May  1.  1854. 

— \Vh\ttakcr'«  Almanac 
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No.       Ship's  Name. 


^rlan.l 

Rio UalLejm  ... 

I.a8mvo>e 

.  K&iwr  WiUnLm 
■    CBirio 

Kenmiu 

Nnnrdui. . .  - .  - 


Gt.  Tons 
7.588 


Foranda  Dambaklt 
CompusnieCAi.  Ti 
NanTilButMhH  LJoi 
White  Slu-  Iii». 
H.  H,  Vagliuio. 
KoUiuul-AiDeriBBn  Uob. 
I..  Capuecio  A  Co, 
Nippon  Viuni  Kaishs. 
MirLuwi  &  MeLaien. 
-      .ian  Vol.  Flept  Ann. 


S&  :S 


*  L'niler  12  Knuti. 


FROM   STEAM   PACKET   TO  STEAM   PALACE, 
tn  Wood  Paddle-bf.BtiL  (3)  Imn  Sn**  Ste«ni«r».  (5)  Bteel  Twin-Sc 

(2)  Iron  ■'  (*)  Sleel      " 


Dale!     N'aiDB  oF  »l«inBr. 


'roDi  (.uric,  Int  diqiarture  from  I'.  K. 
■■  Brimoi,  Int  buiJt  for  Allan-  - 
"  Tiivrrpool.  Isl  d«partur«. 
"  1j\-«rpi)ol.lnt  i^anie'lBriltHh 
;;  New  Viirli.  ]>(  orurisd  U.8. 


3  Onson. 


J)   • 


nnl 


lluHinti  Ayrenn,  ,  (4)  Allan 

Swvia "-- 

aty  of  Homo .[  J,"™hor(  ■ 

)  ]:{f'ut,'J|.' (  Cuniinl 

1  Allet .','.'.".'.'....  N.mliiputi 


tl."^bic. 


>.  l.loydM.  Fulda. 


.  'CompacnieGin^ialc'tra 


\rt  «m\n  r.\  Aav 


KuiHWilbelm  d.  Or 
DeulMhlui) 


Norddeutoolwr  Uoyd . , 

WhiMStuUne ., 

Hunburg-Ainertcui  Ijr 


I  in  the  vorJd. 


le  world— 7  26X76146. 


35.  of  N.Z,'»  Rnlmnoh* 
o.  2,432  tona,  of  Wilson 

[Hill,  3.921  toni. of  Tw 


REDUCTION   OP  PASSAGE. 

I'nder  B  from  Q'toi(a3cotia 

"_     8     ;|  "       CilyufBruM', 


S'ton.    KuHirWil- 


LARGEST  STEAMSHIP  OWNERS   IN  THE   WORLD. 
Owners  of  over  100,000  gross  tone  in  order  of  tonnage. 


HupbUTv-AmericAa , 
Nordileuucbv  Lloyd 

Brit.Ind.  8te«n  N.Co. 

P.  A  O.  Swun  N.  Co..  LoDdan. i  34B,000 

Vpion-CMlto .London ]  314.000 

Leylsiul Liverpool 281,000 

Wbiu  Slur. Livori»ol 2ri().000 

A.Holt ILiv-orpool ^il3,000 

NipponYuseo  Kaiaha  ITokio :!4S,OiJ0 

HesHeeriea.  Haiitimw  |  Paris, ^Ci,OUO 

Hkter.DctfapAtcr  ACo.,    .iverpool. 236,1N)U 

Wibon .Hull 208,000 

N>vi«siiaiieG«n.ltal.[Koini! 231,000 

AtuInaiiUoyd iTtimto. '203,000 

Clan. [Gfa^ow 180,000 

'!|Philadel|>hia.  !  ,  J  ]8(l!o00 

iy..  MontreaJ 170.000 

-...IParw. 160,000 


Conip.  tjiat.  Tmw. . . 


Pacific  Steam  N.Co. . ,  'Liverpool 

For.DivmH^  8alfikab.  .'Copenha^n,. . 

AUantie  Tniu.  Co.  .  .  Ixindan 

Anchor. jGlangow 

Allan...  '"' 


,iv«Tpoi3.  .. 


Lamport  &  Holt . . 

aiargeun  R^ais 


R.  RopnerACo 

Royal  Hail  8.  P.  Co. ,    Ixindon, , 
fisutaeli-AiutrsliMbe.  jHamburr  -. 


m  N.AT.CO,  'St.  PelBn 


■a 

7 

1? 

I* 

la 

i! 

; 

2 

j  z:  2  14      IT 


— Whittakei't  hXn-mMi- 
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OCEAN  STEAMERS.     16   Knots  and   over.     Number  belonging  to  each 

Country. 


Country. 


f.Y"?v;i9''not,.:i8ik.s. 


Austria 

Belfdum 

France 

Denmark.  .  .  . 
Germany.  .  .  , 
(jreat  Britain. 

Italy 

Japan 

Hussia 

Spain 


0 


nited  States. . 


5 

2 

9 

•  ■ 

2 

4 

1 

5 

21 

9 

18  knut.s.l  17i  knots.  17  kts.,16  knots. 


Total 


1 
15 


19 


12 

S 


22 


*P.  &  O.,  21:  R.  Mail,  11;  Union-Castle,  10;  White  Star.  8:  Cunard.7;  Pacific  S.  N.  Co..  7; 
Orient,  5;  Atlantic  Transport  Co..  3:  Dominion,  3;  Elder,  Demp8te^,  3;  Canadian  Pac.  Rail.,  3: 
Union  of  N.  Zealand,  3;  Allan,  2;  Khedivial  Mail  Co..  2;  Anchor,  1;  International  Nav.  Co.,  1. 
N.B. — There  were  on  June  30,  1903,  only  1,446  ocean  steamers  in  the  world  capable  of  a  sea- 
speed  of  at  least  12  knots  per  hour,  of  which  751  were  British.  See  article  on  "  Baltic  "  on  page  32. 

OCEAN  STEAMERS.     20  Knots  and  over.     In  order  of  Tonnage. 


Built 
in 


Names. 


Owners. 


1902   ♦  Kai.Hcr  Wilhelm  II N.D.  Lioyd 

1899  Oceanic White  Star 

19(X)   Deut^chland Hamburg- American 

1901    Kronprini  Wilhelm .N.  I).  Llovd 

1897    Kait«er  Wilhelm  der  (Iros-^e  "  

1893   Campania (^unard 

1893   Lucania "  

1897  :  Kaiser  Friedricli     F.  Schichau 

1900  jLa  Lorraine (  Ir-x^™.  n/«  Tt-o^o 

1900   lA  Savoie )  '^"™-  ^^''-  T*^*^'  '  ' 


1895 
1895 
1888 


1890 
1884 


:[; 


International  Mor-  t 


cantile.Marine.  Co.  1 


St.  Louis. 
St.  Paul .  . 
New  York 

1889  jPhilailelphia  (ex  Paris) .  .  . ' 

1890  ! Majestic.  .  * White  Star 

1889   Teutonic 

Kaiserin  Maria  Theresa.  .  .  N.  D.  Lloytl 
Umbria Cimard.  ... 

1884    Ktruria 

1898  jMoskva Ru.s.s 

1898  iSmolensk 

1898    I.sis I 

1S98  iOsiri.s * 


Vol.  Fit.  Assoc. 


P.  &0. 


I 


Gross 
Ton.s. 

19,360 
17,274 
16.502 
14,908 
14.349 
12.950 
1 2.9.')0 
12,480 

11.869 

11,864 

1 1 ,629 

10.798 

10.786 

10.117 

9.984 

8.278 

8.128 

8.120 

7.297 

7,270 

1,728 


I 


Dimen-    |Spd. 
I     sions.      I 

l678x72x.38J 
685xr)8x44 
662x67x40 
6i0x66x43 
627x(>6x35 

601x65x37 

581x63x44 

563x60x35' 

535x()3x37 


Builders. 


-  527x63x22 


-  565xr)8.x39 


528x51x36 
501x57x38 

487x58x26 

300x37x17 


231  StettinV.Co. 

21  HarlandAW. 
23i  Stettin  V.  Co. 
23  I 
22i 

22  Fairfield. 
22    Schichau. 

20  Owners. 

I 
I 

21  iOamp&Sons. 

20    Qydebank. 

20  |HarlandAW. 
20  StettinV.Co. 
20  j  Fairfield. 

20  I  Clydebank. 

20    Caird&Co. 


♦  Kaiaer  Wilhelm  II.    H. 
.'senRers  and  crew  of  620. 


P.  38.000  ;  rotmi  for  775  1st  cla.s.s.  342  2il  class,  and  770  3<1  clas-s  pa«»- 


SHORT  TRIP  STEAMERS    (British  and  Foreign).     20  Knots  and  over. 


British  Boats. 

♦C<^nnaUKht,  Leinster,  Mun^ter,  I'lster,  all  23^  knots  4 

Kmpress  Queen  22,  Pr.  of  Wales  21.  Queen  Vicfia  21  3 

France  2ll,  Su.'isex,  Tamise,  Mauche,  all  21  i. Arundel  5 

BriKhton  (turbine  engines) 1 

Banshee  21,  Cambria.  Anglia,  Hiljernia.  Scotia 4 

Britannia,  (^ambria,  VV est  ward  Ho 3 

La  Marguerite  20i^,  Hoyal  Sovereign 2 

King  Edward  (turbine  engine-<).  Queen  Alexandra.  .  .  2 

T.tal 24 


Fokki<;n  Bo ATM. 

Belgian  Cmvernmont :  3.  22  kts. :  3,  21  kts 6 

("'ie.  de.s  Chernins  de  For  du  \or<l  of  France 2 

Zeeland Steainsh'u)  Co.  of  ilolJand 3 

Central  Kailrnsul  Co.,  ATew  Jersey,  T.  S \ 


Owners. 
City  of  Dublin  Steam  Packet  Co. 
l.«*le  of  Man  Steam  Packet  Co. 
London.  B.  <fe.  S.  C.  Railway. 
London  B.  tfc  S.  C.  Railway. 
Ix>ndon  &  North- Western  Railway. 
P.  A.  Campbell.  Ltd. 
Fairfield  S.  <fe  K.  Co.,  Ltd. 
John  Williatui^on. 


Dover — Ostend  Service. 
Dover   -Calai.''  Service. 
Quecnsbomugh  — Flu.shing  Ser\*ice. 
Nftw  \'«\tV — The  lliKhlands. 


Total. 


\2 


*The  four  /attest  dliort-trip  steumcrH  in  the  world. 


— Wh\lUik,eT''%  AVnMvnoc 
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The  sucocBs  of  the  "Oceaiii.-" 
showed  that  the  most  rensuoerative 
type  of  craft  for  the  trnusatlantic 
traffic  is  the  vessel  of  a  luedium  speed, 
maintained  under  all  vorjing  condi- 
tlona,  but  of  a  tremendous  tonDBge. 
Although  speed  may  be  an  itoportant 
desideratum  from  one  point  of  view, 
such  a  qualification  is  in  reality  only 
appealing  to  a  limited  quota  of  ims- 
seagera,  the  bulk  of  traveleni  prefer- 
ring greater  comfort  and  Bteadiuesa  of 
the  vessel,  especially  in  rough  weather. 
Each  of  the  two  vessels  built  after  the 
"Oceanic"  baa  marked  an  increase  in 
sUe  and  tonnage  upon  Its  predei'essor. 

The  latest  liner,  the  "Baltic,"  aur- 
passea  in  size  anything  that  has  tbus 
far  been  attempted,  though  it  is  by  do 
means  the  finite,  for  Messrs.  Harlaiid 
&  Wolff  have  declared  their  readiness 
to  build  a  vessel  of  50,000  tons.  The 
realization  of  such  a  vessel  is  de- 
pendent upon  the  capacity  of  a  do<'k 
to  accommodate  it. 

Tlie  length  of  the  "Baltic"  over  all 
ia  TJ!i  feet  0  inches.  This  is  an  in- 
crease upon  the  length  of  the  "Celtic" 
and  "Cedric"  of  '^Tt  feet.  The  beam  is 
the  same,  being  75  feel ;  the  depth.  41) 
feet.  The  groaa  tonnage  ia  23.000 
tons,  an  incn-ase  of  about  3.000  ton'". 
The  cargo  capacity  is  about  28.tNM) 
tons,  nnil  the  total  displacement  at  the 
toad  draft  approximates  40,( MM)  tons. 

The  total  complement  of  passengiTN 
is  .VKK)  pHssengers.  and  ik  crew  of 
about  .TiO,  Tile  eeiieriil  armiiKcm.'iil 
of  the  ship  is  similiir  to  the  uLbcr  two 
vessels  of  tliiH  tvpe— a  .-..nrinuous 
shade  deck  nimilne  fore  Hnd  iift,  with 
riree  ti'pra  of  dpckhooai's  and  two 
proaipnadif  itei-ks  almro  aaiui'.     Oti  the 


u|jper  promenade  deck  is  the  first-clasj 
smolieroom  and  library,  and  the  two 
houses  below  contain  the  deck  stale- 
rooms.  All  the  first-clasa  accommo- 
dation is  situated  amidships. 

The  vessel  is  not  speedy.  In  the 
cnae  of  the  "Oceanic"  a  speed  of  20 
linotB  can  be  maintained,  but  in  the 
BUhseciuent  vessels  this  was  reduced  to 
al>out  nv^  knots.  The  "Baltic"  will 
approximate  the  same  speed,  with  a 
great  reserve  of  power,  to  enable  this 
rate  of  traveling  to  be  maiatained 
even  under  adverse  conditions. 

The  "Baltic"  is  fitted  with  engines 
of  Harland  &  WolfTs  quadruple-expan- 
sion type,  developing  about  13,000 
I.  11.  P.  The  engines  are  arranged  on 
Ihe  balance  principle,  which  practical- 


vibratio 


The 


iwin  engines  and  twin  aerews  afford 
another  element  of  safety  to  the  ship 
and  passengers,  and  the  possibility  of 
danger  is  reduced  to  a  minimum. 

The  maiden  trip  of  Ihe  "Baltic"  was 
made  without  incident.  Her  trip  oi- 
copied  7  days  13  hours  and  37  min- 
utes. She  left  Liverpool  at  .^  P.  M. 
on  .Tone  20,  1SKJ4,  and  by  8:21  bad 
passed  Kock  Light  on  ber  way  te 
Queenslown.  Her  daily  runs  were: 
July  1,  312  knots;  July  2.  30.1  knota: 
July  3,  403  knots  ;  July  4.  417  knots: 
July  r>,  387  knota;  July  6,  407  knots; 
July  7,  414  knots. 

The  engines  ran  from  seventy-eight 
to  eighty  revoluiions  a  minute,  while 
the  forty-eight  furnaces  consumed  onlj 
235  tons  of  coal  a  doy.  Her  engine 
and  fireroom  force  is  comparatively 
small— f on rteen  engineers,   fifteen  oil- 


Ihre 


Electricity  on  .Shipboard. — AmonR 
Ihe  later  developmenis  of  electricity 
is  that  on  shipboard.  The  most  com- 
plete instaltntion  of  this  kind  U  that 
on  tlie  "Kronpriuz  Wilhelm."  Here 
all  the  ciibins  liave  telephones,  in  ad- 
dition In  the  electric  light,  and  call 
bells.  The  first-ilass  cabins  and 
tlie  diniiig-ruiim  nn-  1icaie<1  bv  clei'- 
trh-  stoves.  A  Myslem  of  bulkh.-nrl 
lelcgmpliy   eiiabh-s    Ihe   i-aptain    i 


nil    (he 


,   while 


(he 


ridge. 


.'ollisioii. 
whetliei 


forty  such  doors,  and  each 
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AMERICAN  FREIGHT  LOCOMOTIVES  AND  THE  ENGINES  OF  THE 
"OCEANIC*— A  COMPARISON  OF   HORSEPOWER. 


We  are  told  that  "Comparisons  are 
odious."  and  the  statement  would 
seem  to  be  based  upon  a  fairly  cor- 
rect estimate  of  human  nature;  but 
as  soon  as  we  get  outside  of  the  range 
of  human  susceptibilities  and  apply 
our  comparisons  to  insensate  things, 
comparisons  become  not  only  extreme- 
ly interesting,  but  at  times  a  valua- 
ble means  of  increasing  our  general 
knowledge  and  our  sense  of  the  prop- 
er relative  proportion  of  things. 

The  pictorial  comparison  to  be 
found  here  is  based  upon  one  of  the 
mammoth  freight  locomotives  which 
are  being  turned  out  in  considerable 
numbers  just  now  by  the  leading  loco- 
motive works  of  the  country.  In  addi- 
tion to  the  usual  information  as  to  ! 
dimensions  and  construction,  Mr.  R. 
Wells,  the  superintendent  of  the  Rog- 
ers Locomotive  Works,  has  favored  us 
with  particulars  of  some  novel  ex- 
periments which  he  carried  out  to  de- 
termine the  exact  location  of  the  cen- 
ter of  gravity  of  this  locomotive  alwve 
the  rails,  lie  has  also  given  us  particu- 
lars of  its  horsepower  and  freight- 
hauling  capacity  on  a  level  road,  and  it 
occurs  to  us  that  a  comparison  of  the 
relative  power  of  one  of  these  engines 
when  working  up  to  its  maximum  indi- 
cated horsepower  with  the  maximum 
indicated  horsepower  of  the  "Oceanic,'* 
the  spcond  largest  steamship  in  the 
world,  will  be  attractive  to  that  sec- 
tion of  our  readers  that  likes  to  have 
its  f^cts  enlivened  occasionally  with  a 
touch  of  the  fanciful  and  curious. 

The  locomotive  shown  is  an  extreme- 
ly i)owerful  Cronsolidation  which  was 
recently  built  by  the  Rogers  Company 
for  the  Illinois  Central  Railroad  for 
use  on  one  of  the  divisions  of  their  line 
where  the  grades  are  somewhat  heav- 
ier than  on  the  divisions  connecting 
with  it.  It  was  designed  to  haul 
trains  of  a  maximum  weight  of  2.000 
tons  over  gra<les  of  88  feet  to  the  mile. 
Tlie  cylinders  are  23  inches  in  diam- 
eter, by  ',\0  inches  stroke:  the  drivers 
are  57  inches  in  diameter  and  they 
<arry  lf)S,(KK^)  pounds  weight  of  the 
locomotive  out  of  a  total  weight  of  i 
21S.(K)0  pounds.  The  boiler,  which  is 
of  the  Roli)aire  type,  is  SO  inches  in 
dinincter  at  the  snioke-l)ox :  the  fire- 
box iiionsures  42  inches  by  KV2  inches, 
and  there  are  417  2-inc)i  tubes  which 
are  1.'^  feet  8  inches  in  l(»ngth.  Thei-e 
are  252  square  feet  of  heating  sur- 
//irc  in  the  G re-box,  and  2,951  S(iuare 


feet  in  the  tubes,  making  a  total  heat- 
ing surface  of  3.203  square  feet.  The 
tender  is  exceptionally  large,  the  ca- 
pacity of  the  tank  l)eing  5,000  gallons, 
while  the  coal  space  has  a  capacity  of 
10  tons. 

The  increase  in  the  diameter  of  lo- 
comotive boilers  which  has  taken  place 
of  late  years  has  necessitated  their  l)e- 
ing  carried  above  the  tops  of  the 
wheels,  with  the  result  that  the  cen- 
ter of  the  boiler  is  in  some  recent  loco- 
motives as  much  as  9  feet  above  the 
rails.  To  the  uninitiated  these  im- 
mense machines  have  an  exceedingly 
top-heavy  appearance,  and  it  looks  as 
though  their  stability  would  be  endan- 
gered, especially  when  they  are  run- 
ning at  high  speed  around  a  curve. 
Before  sending  this  engine  out  of  the 
shops,  the  Itogers  Locomotive  Com- 
pany made  an  experimental  test  to 
determine  the  exact  lo<"ation  of  its  cen- 
ter of  gravity.  The  result  is  certain- 
ly surprising,  for  although  the  top  of 
the  boiler  is  fully  9  feet  above  the 
rails,  the  center  of  gravity  was  found 
to  be  only  50 Vi  inches  above  the  top 
of  the  rails,  that  is  to  say,  about  WVi 
inches  below  the  top  of  the  driving 
wheels.  As  a  matter  of  fact,  the 
great  bulk  of  the  boiler  is  very  decep- 
tive to  the  eye,  and  one  is  liable  to  for- 
get that  the  greatest  concentration  of 
weight  lies  in  the  heavy  frame,  the 
wheels,  the  axles,  cranks  and  running 
gear,  and  the  heavy  saddle  and  cylinder 
castings.  The  test  was  made  by  sus- 
pending the  engine  on  the  upper  sur- 
face of  two  3-inch  steel  pins  or  jour- 
nals as  pivots,  the  one  at  the  front  be- 
ing located  G  inches  in  front  of  the 
cylinder  saddle,  and  the  one  at  the  rear 
G  inches  back  of  the  boiler,  both  pivots 
being,  of  course,  the  same  distance 
above  the  rails  and  on  the  vertical  cen- 
ter line  of  the  engine.  After  several 
trials,  points  of  suspension  were  found 
which  were  in  line  with  the  center  of 
gravity,  which,  as  thus  determined, 
was  found  to  be  50 1^  inches  above  the 
top  of  the  rail.  As  the  bearing  points 
of  the  drivers  on  the  rails  are  about 
50  inches  apart,  the  base  on  which  the 
engine  runs  must  be  1.1  times  as  wide 
as  the  heiglit  of  the  center  of  gravity 
of  the  engine  above  the  rails.  It  is 
evident  from  this  test  tliat  the  center 
of  gravity  of  such  a  locomotive  could 
l>e  raised  still  higher  without  endan- 
gering the  stal^ility  of  the  engine  under 
the  ordinary  conditions  of  service. 
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A  COMPABISON  OF  MARINE  ENGINE  AND 
LOCOMOTIVE    HORSEPOWER. 

In  order  to  secure  a  basis  for  com- 
parison of  the  i)ower  of  a  modern 
freight  locomotive  with  that  of  a  mod- 
ern steamship,  we  have  chosen  the 
**Oceanic."  This  truly  gigantic  ship, 
which  exceeds  the  "Great  Eastern"  in 
length  and  in  displacement,  is  704 
feet  in  length,  and  on  a  draft  of  32% 
feet  displaces  28,r)(K)  tons.  As  the 
depth  of  water  in  the  entrance  chan- 
nels to  New  York  Harbor  will  not 
accommodate  a  vessel  drawing  that 
amount,  for  the  puri)ose  of  this  com- 
parison we  will  suppose  that  the 
"Oceanic"  is  drawing  30  feet,  at 
which  draft  she  would  displace  about 
20,000  tons.  On  this  displacement 
her  engines  will  indicate  al>out  28,000 
horsepower  when  driving  the  vessel  at 
a  speed  of  22  land  miles  an  hour. 

Now,  it  is  estimated  that  the  big 
Rogers  Consolidation  could  haul  about 
3,250  tons  weight  of  train  at  a  speed 
of  22  miles  an  hour,  on  the  level,  and 
that  while  doing  this  work  it  would  in- 
dicate about  1,700  horsepower.  Here 
then  we  have  a  basis  of  comparison, 
and  we  may  apply  it  in  two  ways. 
Either  we  may  ask  how  many  of  these 
locomotives  would  have  to  be  crowded 
into  tlie  hold  of  the  "Oceanic,"  and 
coupled  to  her  main  shafts,  in  order  to 
drive  her  through  the  water  at  22 
miles  an  hour  or  we  may  determine 
how  many  of  these  locomotives  it 
would  take  to  haul  the  "0<'eanic"  if 
she  were  placed  upon  a  movable  cradle 
of  the  kind  designed  by  (^aptain  Eads 
for  his  Teh uan tepee  Ship  Railway. 
In  the  first  case,  we  know  that  when 
the  main  shafts  of  the  "Oceanic"  are 
making  about  00  turns  a  minute,  the 
engines  are  indicating  about  28.000 
horsepower,  which  is  their  maximum 
capacity.  On  the  other  hand,  we 
know  that  when  the  drivers  of  one  of 
these  locomotives  are  making  about 
150  turns  a  minute,  and  the  maxi- 
mum tractive  effort  is  l>eing  exerted 
at  the  periphery  of  the  wheels,  it  is 
indicating  about  1.7(»0  horsepower, 
which  represents  its  possible  maximum 
indication  at  that  spewl.  If  now  the 
sixteen  ne<'essary  locomotives  (the 
number  being  found  by  dividing  the 
horsepower  of  the  ship  by  the  horse- 
power of  the  locomotive)  were  ar- 
ranged in  two  lines,  one  above  each 
main  shaft,  and  the  tractive  effort  of 
the  drivers  transmittiMl  by  means  of 
friction  wheels  to  the  shafts,  the  speed 
of  the  rotation  being  re<luc*»d  by  in- 
terwodiate  gearing,  in  the  ratio  of  150 


!    to  90,  we  should  have  the  conditions 
shown    in    the   engraving   on    the   pre- 
vious page,  where  the  locomotives,  in 
double    phalanx,    are   shown    grinding 
merrily  away  at  their  unwonted  task 
of  driving  a  modern  transatlantic  liner. 
To    determine    how    many     Rogers 
Consolidations  it  would  take  to  haul 
the    "Oceanic"    over    a    ship    railway 
whose  grade  is  perfectly  level,  we  will 
neglect  the  weight  of  the  cradle  and 
assume  that  its  rolling  friction  is  the 
same  as   that  of  a   weight   of   loaded 
freight  cars,  equal  to  that  of  the  ship. 
The  displacement  (that  is,  the  weight 
of  the  water  which  the  ship  displaces 
at  a  given  draft)  on  a  draft  of  30  feet 
would  be  about  20,000  tons,  and  di- 
viding   this    amount    by    3.250    tons, 
which  is  the  maximum  weight  of  train 
which  one  locomotive  can  haul  at  22 
miles  an  hour,  we  find  that  it  would 
take   just    eight    locomotives    to    haul 
the  "Oceanic    by  rail  at  a  speed  of  22 
niiles   an    hour.     This   result    is   pir 
ticularly   interesting  as  showing   how 
quickly  the  resistance  of  the  water  to 
the  motion  of  the  ship  increases  with 
the    speed.     As    a    matter   of    fact   it 
increases   as    the   cube   of   the   speed, 
with    the    result    that,    although    the 
"Oi'eanic"  could  be  moved  at  a  canal- 
boat  speed  of  2^4   miles  an  hour  by 
less  locomotives  than  it  would  take  to 
haul   it   at  that   spee<l  on   land,   at  t 
speed  of  22  miles  an  hour  it  requires 
just  twice  the  power  on  the  water  that 
ifwould  on  the  land. 

The  "Oceanic."  as  she  rests  upon  the 
ship  railway  cradle,  represents  both 
the  dead  and  the  live  load ;  that  is  to 
say,  the  ship  and  the  cargo.  With  t 
view  to  showing  graphically  what  an 
enormous  mass  is  represented  by  her 
26,0(K)  tons  displacement,  attention  is 
drawn  to  the  sketch  showing  an 
equivalent  weight  in  loaded  box  cars 
of  40,(XK>  pounds  capacity,  each  of 
which  with  its  load  would  weigh  about 
thirty  long  tons.  If  this  weight  were 
made  up  into  two  separate  trains  each 
train  would  contain  433  cars  and 
would  Iw  alK)ut  three  miles  in  length. 

HetwwMi  Hrusscis  and  Charleroi 
there  is  a  length  of  nearly  30  miles  of 
canal  servt^l  by  overhead  wires.  The 
motor  "tractors"  run  on  the  rough 
canal  towpatli.  with  ]»Iain  wheels  of 
hard  steel.  In  another  style  on  the 
Kinow  and  tlu»  Tctlow  (Canals,  the 
"tnutor"  runs  on  a  sinjrle  rail  by  the 
imir  of  wlnels  on  one  side,  and  on  the 
tow]>ath  by  a  i)lain  pair  of  wheels  on 
the  oilier  side. 
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SUPPLIES   OF  THE   "  DEUTSCHLAND. 


t* 


Not  by  any  means  the  least  im- 
pressive evidence  of  the  huge  size 
to  which  the  modern  transatlantic 
steamship  has  grown  is  to  be  found 
in  the  graphic  representation,  now 
presented,  of  the  bewildering  amount 
of  provisions  that  have  to  be  taken 
aboard  for  a  single  trip  across  the 
ocean.  A  mere  tabulation  of  the  vari- 
ous kinds  of  food  which  go  to  re- 
plenish the  ship's  larder,  during  the 
few  days  which  she  spends  in  port, 
fails  to  convey  any  adequate  idea  of 
the  vast  amount  of  stores  taken 
aboard.  Our  pictorial  representation 
is,  of  course,  purely  imaginary,  par- 
ticularly as  regards  the  live  stock ; 
the  beef,  mutton,  game,  etc.,  being  re- 
ceived on  the  ship  in  the  dressed  condi- 
tion, no  live  stock  whatever  being  car- 
ried. The  drawing  was  made  up  from 
a  list  of  the  actual  amount  of  pro- 
visions carried  on  a  recent  eastward 
trip  on  the  Hamburg-American  liner 
"Deutschland,"  and  the  number  of  live 
stock  which  contributed  to  meet 
the  supplies  for  one  voyage  was  es- 
timated from  the  actual  number  of  cat- 
tle, sheep,  etc.,  that  would  be  required 
to  make  up  the  total  weights  in  dressed 
meats.  With  the  exception  of  the  live 
stock,  the  provisions  are  shown  in  the 
actual  shape  in  which  they  would  be 
taken  on  board. 

The  dimensions  of  the  vessel  are : 
Length,  (>8<j  feet ;  beam,  07  feet,  and 
displacement,  2,*?,()0(J  tons :  her  highest 
average  speed  for  the  whole  trip  is 
2,*^.36  knots,  and  she  has  made  the 
journey  from  Sandy  Hook  to  the 
Lizard  in  five  days  seven  hours  and 
thirty-eight  minutes.  In  considering 
the  question  of  feeding  the  passengers 
on  a  vessel  of  this  size,  the  thought 
is  suggested  that  here  are  other  hun- 
gry mouths  within  the  hull  of  the  ship 
besides  those  to  be  found  in  the  din- 
ing saloons  of  the  passengers  and  the 
messrooms  of  the  crew ;  mouths  that 
are  so  voracious  that  they  require 
feeding  not  merely  at  the  three  regular 
meal  hours  of  the  ship,  but  every  hour 
of  the  day  and  night,  from  the  time 
the  moorings  are  cast  off  at  one  port 
until  the  vessel  is  wari>ed  alongside  at 
tlie  other.  We  refer  to  the  112  fur- 
naces in  which  the  fuel  of  the  sixteen 
boilers  in  the  boiler-room  is  consumed 
at  the  rate  of  r)72  tons  ])er  day.  Now. 
although  the  voyage  from  New  York 
to  Ilamlnirg  lasts  only  six  or  seven 
davs.  according  to  the  state  of  the 
n-eatlier,   the  hunkers  of  the  ship  are 


constructed  to  hold  a  sufficiently  large 
reserve  of  coal  to  cover  ail  contin- 
gencies, her  total  coal  capacity  being 
about  5,000  tons;  and  at  each  voyage 
care  is  taken  to  see  that  they  are 
pretty  well  filled. 

The  total  number  of  souls  on  board 
of  the  vessel  When  she  has  a  full  pas- 
senger list  is  1,01 7,  made  up  of  407  first 
cabin,  300  second  cabin,  300  steerage 
and  a  crew  of  550,  the  crew  compris- 
ing officers,  seamen,  stewards  and  the 
engine-room  force.  Sixteen  hundred 
and  seventeen  souls  would  constitute 
the  total  inhabitants  of  many  an 
American  community  that  dignifies 
itself  with  the  name  of  "city,"  and  it  is 
a  fact  that  the  long  procession  which 
is  shown  in  our  illustration,  wendiag 
its  way  through  the  assembled  pro- 
visions on  the  quay,  by  no  means  rep- 
resents the  length  of  the  line  were  the 
passengers  and  crew  strung  out  along 
Broadway  or  any  great  thoroughfare 
of  that  city.  If  this  number  of  people 
were  to  march  four  deep  through 
Broadway,  with  a  distance  of  say 
about  a  yard  between  ranks,  they 
would  extend  for  about  a  quarter  of  a 
mile,  or  say  the  length  of  five  city 
blocks. 

To  feed  these  ixjople  for  a  period  of 
six  days  requires,  in  meat  alone,  the 
equivalent  of  fourteen  steers,  tea 
calves,  twenty-nine  sheep,  twenty-six 
lambs,  and  nine  hogs.  If  the  flocks  of 
chickens,  geese  antl  game  required  to 
furnish  the  three  tons  of  poultry  and 
game  that  are  consumed  were  to  join 
in  the  procession  aboard  the  vessel, 
they  would  constitute  a  contingent  by 
themselves  not  less  than  1.5<X)  strong. 
The  ship's  larder  is  also  stocked  with 
1,700  pounds  of  fish,  400  pounds  of 
tongues,  sweetbreads,  etc.,  1,700  dozen 
eggs  and  14  barrels  of  oysters  and 
clams.  The  1,700  dozen  eggs  packed 
in  cases  would  cover  a  considerable 
area,  as  shown  in  our  engraving,  while 
the  l.tMX)  brick  of  ice  cream  would  re- 
quire 100  tubs  to  hold  them.  Of  table 
butter  there  would  be  taken  on  board 
1,300  pounds,  while  the  2,200  quarts  of 
milk  would  require  (>4  cans  to  hold  it, 
and  the  300  <|uarts  of  cream  8  cans. 

In  the  way  of  vegetables  there  are 
shipped  on  hoard  175  barrels  of  pota- 
toes. 75  barrels  of  assorted  vegetables, 
20  crates  of  tomatoes  an<l  table  celery, 
200  dozen  lettuce:  while  the  require- 
ments of  dessert  alone  would  call  for 
4  1-4  tons  of  fresh  fruits.  For  making 
up  \nlo  da\\y  swvn^Vv  Q^  bread,  biscuits, 
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cakes,  pies,  and  the  toothsome  odds- 
and-ends  of  the  pastry  cook's  art,  there 
are  taken  on  board  at  each  trip  DO  bar- 
rels of  flour, each  weij^hinfr  195  pounds, 
this  item  alone  adding  a  weight  of  8Ms 
tons  to  the  cooks'  stores.  To  this  also 
we  must  add  350  pounds  of  yeast  and 
GOO  pounds  of  oatmeal  and  hominy. 

Under  the  head  of  liquids  the  most 
important  item  is  the  400  tons  of 
drinking  water,  whose  bulk  is  ade- 
quately represented  by  the  circular 
tank  shown  in  our  engraving.  This  is 
supplemented  by  12,000  quarts  of  wine 
and  liquors,  15,000  quarts  of  beer  in 
kegs,  besides  3,000  bottles  of  beer. 
Last,  but  not  by  any  means  least,  is 
the  supply  of  40  tons  of  ice. 

Of  course,  it  will  be  understood  that, 
as  in  the  case  of  the  coal,  it  is  not  to 
be  supposed  that  all  of  this  supply  will 


be  consumed  on  the  voyage.  There 
must  be  a  margin,  and  a  fairly  liberal 
margin,  of  every  kind  of  provision. 
Moreover,  the  extent  to  which  the 
larder  and  cellar  are  emptied  will  vary 
according  to  the  condition  of  the  voy- 
age. In  tempestuous  weather,  where 
the  trip  is  a  succession  of  heavy  gales, 
and  the  dining  room  tables  are  liable 
to  be  practically  deserted  for  two  or 
three  days  at  a  stretch,  the  consump- 
tion will  be  modified  considerably. 
Stormy  voyages  of  this  character, 
after  all,  occur  at  infrequent  intervals, 
and  as  a  rule  the  supplies  are  pretty 
well  consumed  by  the  time  the  pas- 
sage is  over.  , 

Now,  having  dealt  with  the  general 
food  supplies,  we  will  deal  with  the 
food  supplies  of  another  large  liner  for 
a  single  trip. 


PROVISIONING  THE  "  KRONPRINZ  WILHELM  "  FOR  A  SINGLE 

TRANSATLANTIC    TRIP. 


The  Book  of  Genesis  does  not  record 
the  tonnage  of  the  huge  vessel  which 
finally  stranded  on  Mount  Ararat,  af- 
ter finishing  the  most  wonderful  voy- 
age ever  described  in  the  annals  of 
mankind.  But  it  is  quite  safe  to  as- 
sume that  the  dimensions  of  the  Ark, 
that  old-time  floating  storehouse,  are 
exceeded  in  size  by  the  largest  of 
steamships  now  crossing  the  Atlantic. 

Not  the  least  striking  evidence  of 
the  size  of  these  modern  monsters  of 
the  deep  is  afforded  by  the  vast  quan- 
tities of  food  which  must  be  taken 
aboard  for  a  single  six-day  trip  across 
the  Atlantic.  For  the  1,500  passen- 
gers and  the  several  hundred  men  con- 
stituting the  crew,  carloads  of  food 
and  whole  tanks  of  liquids  are  neces- 
sary. To  enumerate  in  cold  type  the 
exact  quantities  of  bread,  meat,  and 
vegetables  consumed  in  a  weekly  trip 
would  give  but  an  inadequate  idea  of 
the  storing  capacity  of  a  modern  liner. 
We  have,  therefore,  prepared  a  picture 
which  graphically  shows  by  compari- 
son with  the  average  man  the  equiva- 
lent of  the  meat,  poultry,  and  bread- 
stuffs,  as  well  as  the  liquors  used. 
Each  kind  of  food  has  been  concen- 
trated into  a  giant  unit,  compared 
with  which  the  figure  of  the  average 
man  seems  puny. 

On  the  "Kronprinz  Wilhelm,"  of  the 
North  German  Lloyd  Line,  which 
steamship  we  have  taken  for  the  pur- 
pose of  instituting  our  comparisons, 
^me  10,Si>i)  pomuls  of  fresh  meat  and 


14,300  pounds  of  salt  beef  and  mut- 
ton, in  all  34,100  pounds  of  meat,  are  | 
eaten  during  a  single  trip  from  New 
York  to  Bremen.  This  enormous  quan-  ' 
tity  of  meat  has  been  pictured  in  the 
form  of  a  single  joint  of  beef,  which, 
if  it  actually  existed,  would  be  some- 
what less  than  10  feet  high,  10  feet 
long,  and  5  feet  wide.  If  placed  on 
one  end  of  a  scale,  it  would  require 
about  227  average  men  in  the  other  end 
to  tip  the  beam. 

For  a  single  voyage  the  "Kronprinz 
Wilhelm'*  uses  2,040  pounds  of  ham. 
1,320  pounds  of  bacon,  and  506  pounds 
of  sausage — in  all,  4,46(»  pounds. 
Since  most  of  this  is  pork,  it  may 
well  be  pictured  in  the  form  of  a  ham. 
That  single  ham  is  equivalent  in 
weight  to  374  average  hams.  It  is 
7^4  feet  high.  3  feet  in  diameter  and 
2  feet  thick. 

The  poultry  eaten  by  the  passen- 
gers of  the  steamer  during  a  trip  to 
Bremen  or  New  York  weighs  4,840 
pounds.  Suppose  that  we  show  these 
4,840  pounds  of  poultry  in  the  form 
of  a  turkey,  dressed  and  ready  for 
the  oven.  The  bird  would  be  a  giant 
10  feet  long,  8  feet  broad,  and  5  feet 
high. 

Sauerkraut,  beans,  peas,  rice,  and 
fresh  vegetables  are  consumed  to  the 
jiniount  of  •J5..S2()  ixninds.  Packed  for 
.  market,  thesp  preserved  and  fresh  vc^ge- 
lables  would  be  contained  in  290  bas- 
kets of  the  usual  form,  which  piled  up 
make  a  toru\u\al>le  truncated  pyramid* 
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'L'hf  iiuantity  of  eggs  rtHjuirod  is  no 
less  siartling  thau  the  quantity  of 
vegetables,  for  some  25,000  are  needed 
to  satisfy  the  wants  of  passengers  and 
crew.  Eggs  are  usually  packed  in 
cases,  30  dozen  to  the  case.  The 
"Kronprinz  Wilhelm/*  wlien  she  leaves 
New  \ork  or  Bremen,  must  therefore 
take  CD  board  69  of  these  cases,  which 
have  been  shown  in  a  great  pile,  23 
cases  high  and  3  cases  wide. 

The  bakers  of  the  ship  find  it  neces- 
sary to  use  33,000  pounds  of  flour  dur- 
ing the  trip.  In  other  words,  1G9  bar- 
rels are  stowed  away  somewhere  in  the 
hold  of  the  big  ship. 

Besides  the  foods  already  enumerat- 
ed, 1,980  pounds  of  fresh  fish  and  330 
pounds  of  salted  fish  are  eaten  during 
the  six-day  voyage.  The  total  amount 
of  2,310  pounds  would  be  equivalent 
to  a  single  bluefish  20  feet  long,  5  feet 
in  greatest  diameter,  and  1^  feet 
broad.  Such  a  fish  compares  favor- 
ably in  length,  at  least,  with  a  good- 
sized  whale. 

The  potatoes  required  far  outweigh 
any  other  single  article  of  food  con- 
tained in  the  storerooms ;  for  their  en- 
tire weight  is  61,000  pounds.  If  it 
were  possible  to  grow  a  single  tuber  of 
that  weight,  it  would  have  a  height  of 
14  feet  and  a  diameter  of  7  feet. 

The  butter,  too.  if  packed  into  a  sin- 
gle tub,  would  assume  large  dimen- 
sions. This  single  tub  would  contain 
6,600  pounds,  and  would  be  6  feet 
high. 


0[  ilv'u.'d  fruil,  L!.«'.  10  i»()un(is  arc  <'at- 
en,  and  of  fresh  fruit  11,(>(X)  i>ouDds, 
in  all  13,640  pounds.  If  this  fruit 
were  all  concentrated  into  a  single 
pear,  its  height  would  be  7  feet,  and 
the  width  at  the  thickest  part  5  feet. 

Whole  lakes  of  liquids  are  drunk  up 
by  the  thirsty  passengers  and  crew. 
xSo  less  than  425  tons  of  fresh  water 
are  required,  which  occupy  14,175  cu- 
bic feet  and  would  fill  a  tank  25  feet 
in  diameter  and  30  feet  high.  The 
1,716  gallons  of  milk  used  for  drinking 
and  cooking  would  be  contained  in  a 
can  6  feet  1  inch  in  diameter  and  11  '^ 
feet  high.  The  gallons  and  gallons  of 
wines,  liquors,  and  beer  consumed 
should  dishearten  the  most  optimistic 
temperance  advocate.  Under  the  joy- 
ous title  of  "beverages"  the  following 
items  are  to  be  found  in  the  purser*s 
account  book : 

Champagne 850  bottles. 

Claret 980  bottles. 

Madeira,  sherry,  etc....    135  bottles. 
Rhine  and  Moselle  wines.1,700  bottles. 

Rum  and  cordials 760  bottles. 

Mineral  water 5,250  bottles. 

Beer  in  kegs 2,9(30  gallons. 

Beer  in  bottles 600  bottles. 

Suppose  these  things  to  drink  were 
contained  in  one  claret  bottle.  Some 
idea  of  the  hugeness  of  this  bottle  may 
be  gained  when  it  is  considered  that  its 
height  would  he  over  24  feet  and  its 
diameter  over  6  feet. 


THE    ATLANTIC     LINERS. 

NEW      CUNARDERS — PA8.SEN0ER8     CARRIED — PRICE     OF     SPEED ATLANTIC     TRUST. 


The  New  Cunarders. — Tlie  most 
notable  event  in  shipping  circles  during 
1903  was  the  government  agreement 
with  the  Cunard  Company,  for  the 
building  of  two  vessels  of  higher 
speed  than  any  liners  in  existence.  It 
is  an  eminently  desirable  and  satisfac- 
tory arrangement  from  the  British 
point  of  view,  and  the  development  of 
its  scientific  and  technical  aspects  will 
be  followed  with  an  intensity  of  in- 
terest which  can  perhaps  only  be  par- 
alleled within  living  memory  by  the 
construction  of  the  "Great  Eastern.'* 
The  reasons  for  this  we  shall  note  di- 
rectly. 

CuNARD  Agreement. — Ten  years 
have  elapsed  since  the  "Campania" 
and  "Lucania"  made  the  last  British 
record  of  22  knots,  since  which  period 
five  (Jerman  liners  have  eclipsed  thf» 
perfonnance  of  these  abipa.     It  is  con- 


fidently  believed  that  the  Cunard  Com- 
pany will  be  able  to  exceed  the  limits 
imposed  by  the  government  terms — of 
a  minimum  average  ocean  speed  of 
24 Vi!  knots  an  hour  in  moderate  weath- 
er. This  will  be  a  knot  above  the 
"crack"  Cerman  vessels. 

Subject  to  certain  very  fair  condi- 
tions, the  government  will  advance  a 
sum  not  exceeding  $3,0()0.(MK)  for  the 
building  of  tlie  two  now  vessels.  This 
will  be  secured  by  a  charge  upon  the 
whole  of  tlie  company's  assets.  It  is 
to  be  advanced  in  instalments  on  the 
inspector  cortifying  the  attainment  of 
certain  stages  of  progress  in  the  work, 
and  the  sum  will  have  to  be  repaid  in 
twenty  yearly  instahncnts. 

For   th(»   mail    service   the   company 
will  receive  if^UO.fKX)  per  annum,  with 
extra  payment  for  maW^  'woX^XvXxi?.  qn^t 
HK)  tons  (or  4,000  cuVic  l<i^l  m^«AWT<&- 
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ment),  carried  in  anj  one  week.  The 
plana  for  t)ie  vessels  are  not  jet  made 
■•ublic. 

TiiK  Fast  Boats.— That  the  new 
depnrture  will  pay  seems  assured,  be- 
cBuse  statistics  show  that  the  fasiest 
boats,  QotwithBlanding  their  higher 
rates,  attrnet  more  nnsHengers  than  the 
slower  boats  do.  The  tatter  are  just 
as  comfortahle,  and  the  cuisine  is  the 
same,  .vet  a  ttnot  or  two  more  in  speed 
doubles  and  trebles  the  first-class  pas- 
fienjters,  to  whom  in  many  cases  time 
is  money. 

Thus,  in  one  week  in  April.  1003. 
the  "Kaiser  Wilbelm  II."  left  New 
York  with  521  Grst-class.  and  35^)  sec- 
ond-class passengers,  while  on  the 
same  day  a  vessel  of  the  American 
Line  left  with  only  82  lirat-class  and 
72  second-class  passengers.  On  one 
day  in  May  the  "Kronprinz  Wilheim" 
left  with  380  first  and  187  second  class 
passeagerB.  while  oo  the  following  day 
a  White  Star  liner  took  140  drat  and 
IGO  second  class.  Such  significant 
contrasts  might  be  largely  multiplied. 

"Cedric"  Hecord.— Tlie  big  fast 
ships  suffer  less  from  rough  weather 
than  the  smaller,  slower  ones,  and  that 
apart  from  speed  attracts.  The  sur- 
geon of  the  "Cedric,"  iieit  to  the  larg- 
est liner,  reported  that  on  her  maiden 
a  single  passenger  was  sea- 


I  matter  that   lies  in  a  nul- 
le  reason  is  that  a  slight  »i- 

...jplacf- 

-h  agaiu  makes  still  greater 
demands  on  the  power  required.  By 
the  lime  these  are  provided  for.  there 
is  no  cargo  apace  left  worth  mention- 
ing. There  the  limit  to  size  for  that 
speed  is  reached,  and  to  obtain  higher 
rates  involves  bigger  vessels.  "niiB, 
loo,  explains  why  improvements  in  Ibe 
design  of  and  economical  working  of 
engines  and  boilers  is  so  eagerly  sought 
after  with  a  view  to  reduce  the  cubical 
space   required   for   these   in   the  hull, 


sick. 


glass 


brim 


full. 


e  placed  on  the  edge  of  n  sideboard, 
and  left  undisturbed  throughout  the 
voyage,  hut  not  a  drop  was  spilled, 
nor  did  the  glass  move. 

The  I'bice  ok  Rpeed. — The  in- 
creased  price   that   must   l>e   paid    for 


__  ..._  being  put  on  vessels  of  in- 
creasingly large  dimensions. 

Cost  in  Coal,— The  Adiniraltr 
Committee  on  "Subxidiea  to  Merchant 
Cruisers"  have  issued  some  tabular 
staleraents  which  show  the  price  of 
speed  in  a  very  graphic  wn.v.  From 
one  of  these  we  see  tliat  while  a  20- 
knot  steamer  consumes  2.228  Ions  of 
coal  on  a  3.000  mile  voyage,  a  2<r-kn«t 
one  will  be  eipocled  to  consume  11,1:11 
tons;  and  that  the  19.000  horseiKiwer 
of  the  first  must  give  place  to  the  enor- 
mous total  of  liS.OOO  horsepower  for 
the  last.  The  cost  again  of  the  vessel 
is  S1.TC0.OO0  in  the  slower  ship,  and 
S0.2r>0,000  in  the  swifter.  A  heavy 
price  truly  to  pay"  for  the  eitra  six 
knotsl  But  the  investment  is  a  good 
one  on  passenger  liners  as  the  previ- 
ous paragraph  shows.  The  neit  table 
shows  these  and  other  points  in  i 
striking  manner: 


Speed,  ui  kniils. 20,  2I|  ZZI 

Time  of  voynjce  Ichrouum- 

eter  hours) ISOi  M3  I3A| 

Prime  aat.  ilnllan |  1,750,000  2,000,000  3.150,0001  2,1475.000 

Indiexeil  hemepnwer 10.000  22,000,  2S,5O0l       30.000 

i«rth,  in  feet. UOO  R30,  S60,            eeO 

DieplarcinMit  tunoiise.  .  . ;  13.000,  15.000  17,300:       Ifl.ROO 

Coal,  in  ton* 2,21»\  2,45a|  I,»12'         3,0-Vl, 

Muhinery 


I  22,100, 

I I  3,0001 


auU. 


Iinl 
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STEAM  TURBINES  AND  SPEED. 


H  OP  THE  Steam  Turbine. — 
m   turbine  has   been   applied 
ropulsion   of  vessels,   and   is 
growing  in  favor. 
imb(*r  of  vessels  so  fitted  is 
e,    but    the    development    is 
ie.ss    remarkable    when    we 
*    that    pleasure,    and    cross- 
steamers,     torpedo-boat     de- 
and    yachts  are    now    fitted 
se   engines,    while   ten   years 
one    turbine    vessel  was    in 

Types.— The  *'Turbinia." 
8  the  first  of  the  kind,  fol- 
the  "Viper,"  1898,  and  the 
The  "King  Edward,"  ltK)l, 
irst  passenger  steamer  so  fit- 
wed  by  the  "Queen  Alexan- 
12,  both  for  passenger  service 
yde. 

Channel  Boats. — The  suc- 
lese  vessels  was  the  immediate 
the  application  of  the  steam 
3  the  cross-channel  services — 
een"  for  the  Dover-Calais 
id  the  ** Brighton,"  the  New- 
eppe  boat.  On  an  unofficial 
»  in  August,  1903,  this  vessel 
»d  a  speed  of  20  knots.  The 
i"  is  282  feet  in  length,  and 
dates  1.000  passengers.  Her 
re  rated  at  7,000  horsepower, 
frsing  turbines  are  fitted  to 
de  siTew  shafts,  and  are  ca- 
moving  her  astern  at  al>ont 
The  lubrication  of  tlie  en- 
automatic,  the  oil  being  siip- 
i  pressure  of  (\  lbs.  \)er  square 
le  "Queen"  has  also  behaved 
y,  running  between  Dover 
is  within  the  hour,  in  a  gale 

Boats. — Two  steam  turbine 
re  being  built  for  the  Mid- 
ilway  service  between  Eng- 
^  Isle  of  Man,  and  Belfast, 
jrs  of  the  same  class  will  be 
th  ordinary  reciprocating  en- 
that  relative  tests  of  the  two 
propulsion  will  be  available 
jal  conditions.  The  stcanwrs 
20  knots  speed.  330  feet  long, 
t  beam,  and  25  feet  depth. 

Yachts  have  been  fitted  with 
*bine8.  Two  torpedo-boat  <W- 
the  "Velox"  and  the  "Kdon," 
'Amethyst,"  third-class  cruis- 
si^ed  for  turbine  propulsion. 
oeing  In  coBunissioD,  the  oth- 


ers  at   the   time  of  writing   being   on 
order. 

A  Commission  has  been  appointed, 
at  the  suggestion  of  Lord  Inverclyde, 
to  investigate  the  question  of  the 
economy  of  steam  turbines  and  their 
suitability  to  the  new  big  Cunarders. 
The  commission  comprises  representa- 
tives of  the  Admiralty,  the  Cunard 
Company,  Lloyd's,  and  three  shipbuild- 
ers. At  the  time  of  writing  no  deci- 
sion has  been  published.  But  the  fact 
of  such  a  commission  having  been  ap- 
pointed testifies  to  the  rapid  headway 
which  the  turbine  is  making.  But  two 
or  three  years  since,  most  shipbuilders 
would  have  declined  even  to  seriously 
entertain  or  to  dis<'uss  such  a  proposal. 
The  Allan  Line  and  the  T'nion  Steam- 
ship Co.  are  building  a  17  and  an  18- 
knot  turbine  vessel   respectively. 

Objections. — Though  the  above  is 
not  a  large  list,  it  must  be  rememl)er- 
ed  that  shipowners  and  the  Admiralty 
are  naturally  very  cautious  in  fitting 
vessels  with  novel  means  of  propul- 
sion. The  whole  history  of  steam 
navigation  is  one  of  slow  but  sure  ad- 
vances. The  installation  of  water- 
tube  boilers  is  another  case  in  point. 

The  great  objection  to  the  use  of 
turbines  for  driving  ocean  liners  is  that 
this  form  of  engine  does  not  reverse. 
A  separate  set  of  engines  is  emjiloyed 
for  reversing,  at  lower  speeds.  The 
captains  of  l)ig  vessels  strongly  object 
to  this.  be<-au.se  they  say  that  even 
greater  power  would  be  desirable  for 
going  astern  than  ahead,  in  order  to 
avoid  sudden  collision. 

Land  Tuubi.nes. — On 
s(»ns'  turbines  are  l)eing 
sively  for  driving  electric 
aggregating  about  -."iO.CMM)  horsepower, 
and  in  sizes  up  to  r».(M.M)  horsei)ower. 
Yet  the  first  practical  steam  turbine 
was  not  built  until  LS^l.  ami  that  is 
now  in  the  South  Kensington  .Mns<Mim. 
A  recent  c()mi)n(at ion  gives  the  total 
aggregate  i»ower  of  si  cam  turbines  of 
all  types  in  use,  under  const  ruction,  or 
ordere<l,  in  diflerent  parts  of  the  world, 
at  over  r»(M),<MM)  horsepower. 

ADVANTA<}F,S      ok       TlRHIXK.S. — The 

principal  point  in  favor  of  a  turbine 
is,  that  it  has  no  reci]»rocating  mo- 
tion, like  that  of  (he  i)iston  of  a  com- 
mon engine,  and  lln'refore  the  hull  of 
a  vessel  is  not  s\\akQw  sv)  \vv\w\\  vi'^  \>^ 
rociprocating     engmea,    T\xt\i\\i^    ^\v- 


land.     Par- 
used    exten- 
generators, 


I 


44 


SCIENTIFIC    AMERICAN    REFERENCE    BOOK 


gines  weigh  much  less,  and  occupy 
less  room  than  ordinary  engines  of  the 
same  power,  so  that  passenger  accom- 
modation can  be  increased.  Usually 
three  sets  of  engines  are  employed, 
each  driving  a  separate  propeller  shaft, 
which  again  conduces  to  steadiness  of 
motion. 

ExpiBATioN  OF  Parsons'  Patent. 
— Several  circumstances  have  occurred 
latterly  to  help  on  the  progress  of  the 
steam  turbine  besides  its  recent  suc- 
cessful application  to  steam  yachts, 
Clyde  pleasure  steamers,  and  cross- 
channel  services.  One  of  these  is 
the  expiration  during  the  year  1903 
of  the  five  years'  extension  of  the 
patent  that  was  granted  to  the  Hon. 
C.    A.    Parsons    in    1884.      A    result 


of  this  is  that  several  firms  now  ex- 
press their  intention  of  going  in  for 
the  manufacture  of  Parsons'  turbinea 
Another  is  that  the  success  of  these 
turbines  has  acted  as  a  stimulus  to 
other  inventors,  and  the  Parsons  tur- 
bine will  have  to  face  the  rivalry  of 
othei's,  including  the  De  I^val,  and 
another  promising  one.  that  of  Mr.  C. 
G.  Curtis,  of  New  York. 

It  is  safe  to  predict  that  the  old- 
fashioned  steam  engines,  the  big  mill 
type  excepted,  will  gradually  give  place 
to  the  steam  turbines,  and  to  the  gas 
and  oil  engines.  Apart  from  economy 
and  compactness,  the  turbines  are 
cleaner  than  any  other  engines,  being 
self-lubricating  and  enclosed. 

—Daily  MaU  Year  Book,  1904. 


UNITED   STATES   LIFE-SAVING  SERVICE. 


The  number  of  disasters  to  docu- 
mented vessels  within  the  scope  of  the 
Service  was  346  for  the  fiscal  year 
ending  June  30,  1903.  On  board  these 
vessels  were  3,682  persons,  of  whom 
20  were  lost.  The  estimated  value  of 
the  vessels  was  $7,101,605  and  that 
of  their  cargoes  $1,746,610,  making 
the  total  value  of  property  involved 
$8,848,215.  Of  this  amount  $7,683,- 
580  was  saved  and  $l,ir>4,635  lost. 
The  number  of  vessels  totally  lost  was 
57.  In  addition  to  the  foregoing  there 
were  351  casualties  to  undocumented 
craft — sailboats,  rowboats,  etc. — car- 
rying 655  persons,  4  of  whom  per- 
ished. The  value  of  property  involved 
in  these  instances  is  estimated  at 
$202,935.  of  which  $198,465  was  saved 
and  $4,470  lost. 

The  results  of  disasters  to  vessels 
of  all  descriptions  within  the  scope  of 
the  Service,  therefore,  aggregate  as 
follows : 

Total  number  of  disasters 697 

Total  value  of  property  involved .  .   $9,051,150 
Total  value  of  property  j»avcd  .  .  ,  .  ♦  $7,882,045 

Total  value  of  prtiperty  lost $1,169,105 

Total  number  of  persons  involved .  4,,337 

Total  number  of  persons  lost 24 

Total  number  of  shipwrecked  per- 
sons succored  at  stations ♦  1,086 

Total  number  of  days'  succor  af- 
forded   ♦2,414 

Number  of  vesj^els  totallv  lost 57 


The  foregoing  summary  does  not  in- 
clude 56  persons  not  on  board  of  ves- 
sels who  were  rescued  from  various  po- 
sitions of  peril* 


VESSELS  ASSISTED. 

Tlie  life-saving  crews  saved  and  as- 
sisted in  saving  4.S8  imperiled  vessels, 
valued  with  their  cargoes  at  $4,51^- 
840.  Of  this  number  287,  valued  with 
their  cargoes  at  $703,670,  were  saved 
without  ofher  assistance.  In  the  re- 
maining instances.  151  in  numl>er,  the 
life-saving  crows  co-operated  with 
wrecking  vessels,  tugs,  and  other 
agencies  in  saving  proportv  estimated 
at  $3,661,875.  out  of  a  total  of  $3,805,- 
170  imperiled.  Besides  this  the  crews 
aflForded  assistance  of  greater  or  less 
importance  to  573  other  vessels,  ren- 
dering aid.  therefore,  altogether  to 
1.011  vessels  of  all  kinds,  including 
small  craft.  This  number  is  exclu- 
sive of  218  instances  in  which  vessels 
running  into  danger  were  warned  off 
by  station  patrolmen.  One  hundred 
and  ninety-oight  of  these  warnings 
were  given  at  night  by  Coston  lights. 

The  apportionment  of  the  foregoing 
statistics  to  the  Atlantic,  Lake  and 
Pacific  coasts.  respe<*tively,  is  shown  in 
thp  following  table : 


*  It  should  not  be  understood  that  the  entire  amount  represented  by  these  figures  was  saved 
by  the  Service.  A  considerable  portion  was  save<l  by  salvage  companies,  wrecking  tuna,  and 
other  instrumentalities,  often  working  in  conjunction  with  the  surfmen.  It  is  manifestly  im- 
possible to  apportion  the  relative  results  accompli.shed.  It  is  ecjually  imi)ossible  to  give  even 
an  approximate  estimate  of  the  number  of  lives  save<l  by  the  station  crews.  It  would  be  pre- 
posterous t^  a.ssume  that  all  tho.se  on  board  vessels  sufferinK  disaster  who  escape  would  ha\*e 
been  lost  but  for  the  aid  of  the  life-savers;  yet  the  number  of  persons  taken  ashore  by  the  life- 
bosts  and  other  appliances  by  no  means  mdicate^  the  sum  \.o\.a\  wblv^I  bv  <he  Service. 
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APPORTIONMENT  TO  ATLANTIC.  LAKE  AND  PACIFIC  COASTS. 


DisasterB  to  Vessels. 


Total  number  of  diMistere 

Total  value  of  ve««l8 dollars.  .  .  . 

Tt)tal  value  of  cargoes do 

Total  amount  of  property  involved. .  .(lo 

Tc»tal  amount  of  property  saved do 

Total  amount  of  property  lost do 

Total  number  of  persons  on  board 

Total  number  of  persons  lost 

Number  of  shipwrecked  persons  succored  at 

stat  ions 

Total  number  of  days'  succor  afforde<l 

Number  of  disastenft  Involving     total     loss .  of 

vessels 


Atlantic 

and  Gulf 

coasts. 


438 

3,501.520 

973,370 

4.474.890 

3,636,745 

838.145 

2.694 

20 

t970 
t2,238 
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Lake 
coasts.* 


226 

2.888.860 

720.025 

3.608.885 

3.360.145 

248,740 

1,177 

3 

tl02 
tl62 

10 


Pacific 
coast. 

33 

910.575 

56,800 

967,375 

885.155 

82.220 

466 

1 

tl4 
tl4 

1 


Total. 


697 
7,300.955 
1,750,195 
9.051.150 
7.882,045 
1,169,105 
4,337 
24 

1 1.086 
t2,414 

57 


GENERAL  SUMMARY 

Of  disasters  which  have  occurred  with- 
in the  scoiKj  of  life-saving  operations 
from  November  1,  1871  (date  of  intro- 
duction of  present  system),  to  close  of 
fiscal  j'ear  ending  June  30,  1903.t 

Total  number  of  disasters 14,076 

Total  value  of  vessels $148,098,035 

Total  value  of  cargoes $62,253,644 

Total  value  of  property  involved .  $210.351>679 
Total  value  of  property  save<l.  .  .$166,253,022 

Total  value  of  property  lost $44,098,657 

Total  number  of  persons  involved        §  102,474 

Total  number  of  lives  lost ||  1,027 

Total  number  of  p>ersons  succored 

at  stations 1 17,747 

Total  number  of  days'  succor  af- 
forded   43,006 


The  Board  on  Life  Saving  Appli- 
ances was  constituted  by  the  Secre- 
tary of  the  Treasury,  January  3,  1882, 
and  meets  periodically  for  the  transac- 
tion of  such  business  as  may  come  be- 
fore it.  Inventors  and  exhibitors  are 
allowed  to  appear  before  the  court  to 
explain  the  methods  of  construction 
and  set  forth  the  merits  claimed  for 
their  devices.  Committees  are  then 
appointed  to  consider  the  various  de- 
vices submitted  to  the  Board,  and  each 
committee  reports  upon  each  device, 
and  the  results  are  published  in  the 
Report  of  the  Board  on  Life  Saving 
Appliances,  which  is  incorporated  in 
the  Annual  Report  of  the  United 
States  Life  Saving  Service. 


THE  LIGHTHOUSE  ESTABLISHMENT. 


There  are  under  the  control  of  the 
Lighthouse  Establishment.  Oct.  15, 
VMV^,  the  following  named  aids  to 
navigation  : 

Li|!:ht-hotu«es  and  beacon  lights 1.425 

Liijht-vewels  in  position 45 

Liicht- vessels  for  relief 8 

daft-lighted  buoy?  in  position 1 19 

Fog-signals  operate  by  steam,  caloric. 

or  oil  engines,  about 200 

Fog-signals  operate<l  by  machinery.about    250 

Post  lights,  about 1.875 

[)ay  or  unlighted  beacons,  about 5.50 

Whistling  buoys  in  position,  about 90 


Bell  buoys  in  position,  about 130 

Other  buoys  in  position,  including  pile 
buoys  and  stakes  in  Fifth  district  and 
buoys  in  Alaskan  waters 5,500 

In  the  construction,  care  and  main- 
tenance of  these  aids  to  navigation 
there  are  employed  : 

Steam  tenders 39 

.Steam  launches 7 

Sailing  tenders 2 

Light-keeper>,  about 1,550 

Officers  and   crews  of  light-vessels   and 

tenders,  about 1 .22.'> 

Laborers  in  charRe  of  post  lights,  about.  1.0(M) 


*  Including  the  river  station  at  Louisville,  Kentucky. 

t  These  figures  include  persons  to  whom  succor  waa  given  who  were  not  on  board  vessels 
embraced  in  table  of  casualti^. 

X  It  should  be  observed  that  the operat ions  of  the  Service  (hiring  this  period  have  been  Iiinite<i 
as  follows:  Season  of  1871-72,  to  the  coasts  of  Long  Island  and  New  Jersey;  seasons  of  1872-74 
to  the  coasts  of  Cape  Cod,  Long  Isluid,  and  New  Jersey;  season  of  1874-75,  to  the  coasts  of  New 
England,  Long  Island,  New  Jersey,  and  the  coast  from  Caiw  Henry  to  Cape  Ilatteras;  season 
of  1875-70.  to  the  coasts  of  New  England,  I^ong  Island.  New  Jersey,  the  coa.it  from  Cai)e  Hen- 
lopen  to  Cape  Charles,  and  the  coast  from  V».\yo.  Heiry  to  C'a{)0  Hatteras;  season  of  1870-77  and 
Mnce,  all  the  foregoing  with  the  addition  oi  the  eastern  coast  of  Florida  an«l  portions  of  the 
lake  coasts.     In  1877-78  the  Pacific  coast  was  added,  and  in  1880  the  coast  of  Texas. 

i  Including  persons  rescued  not  on  board  vessels. 

H  Eighty-five  of  these  were  lost  at  the  disaster  to  the  steamer  AfcJropolU  xu  \%n-l%,  '«\\fe\\ 
service  was  impeded  bydigUutce,  and  14  others  in  the  same  year  owmg  to  *\m\\a.t  c«A\^?fc». 

%lj>t^udiageastMwayBnot  on  bo&ni  ve^'*ch  embraced  in  Tables  of  CasuaYue*. 
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FROM  CRUISER  TO  RACING  MACHINE. 


What  might  be  called  the  stli^ntifio 
period  of  yacht  designiDK  in  (hia  roun- 
try  liegine  at  alioul  the  period  of  the 
rapes  of  "Puritan"  iigsiust  "CJenesla," 
in  1885.  The  growth  to  the  eiaggerat- 
ed  proportions  of  liiili  and  anil  plan 
shown  in  our  accompanying  diagram, 
js  the   logical  and   inevitable  r-' 


a  little  lens  than  these  lengths,  theii 
rating  will  l>e  diminished  accorilinElj. 
Outside  of  this  restriction  .vou  may  do 
just  anything  you  please  in  modetini 
,vour  hulls.  They  may  he  built  of  kh.v 
material :  they  may  be  tiroad  or  nsr 
row,  shallow  or  deep:  light  and  leak- 
able  as  a  wicker  basket,  or  tight  and 


of  a  rule  of  measurement  altogether 
lou  limail  and  loose  in  lis  si)e<.'i6ca- 
tions.  The  only  elenienta  taxed  in  Ibis 
rule  are  length  on  Ihe  wnter-line  when 
on  an  e>'en  keel,  and  total  soil  aren. 
To  the  comiieling  designers  the  rnle 
lias  Raid.  "»  hen  your  yachts  are  plai-eii 
under  the  mpjisiirer's  tape,  if  Od-foolcrs 
Ihey  must  not  1h'  over  IM)  feet  long  on 
/if  irater-line.  or  it  70-foolers  not  iu'er 
TO  feet.     U  you  cliousc  to  wake  them 


heuTy  as  an  ironclad.  As  to  ibe  spread 
of  sail,  you  may  crack  on  just  as  mnch 
as  you  please :  always  with  the  undn- 
standing,  honever,  Ibnl  the  more  yoa 
carry  the  greater  will  be  your  racins 


time  of  the  "PuriUr."- 
"(Jom-sin"'  r:ir>e>i.  our  jacht  designen 
were  Itcginuing  (o  emerge  from  the 
nili*-of-thumb  mi'thmis  that  chB^acle^ 
izi-<\  t\w  da>a  ol  \.\\«  center-board  aloop 


S('n':xTiFir  amkricax   kefkhknc:-:   i'.ook. 


i: 


.11. <1  s«h«Hiii«'r.  an<l  won*  l)Oj;inniii^. 
rhauks  to  the  victorious  career  of  one 
ar  two  imi)orte<l  deep-keel  English  eut- 
tfrs.  to  ai)pre<*iate  the  value  of  outside 
lead  as  an  element  of  sail-carrying 
I>ower.  Hence,  the  "Puritan"  carried 
a  large  proportion  of  her  48  tons  of 
lead  ballast  on  the  keel,  and  although 
Khe  was  marked  by  the  shoalness  of 
iKMly  and  limited  draft  of  the  prevail- 
ing centerboard  type,  she  was  an  ex- 
tremely able  sea  boat,  fast  and  com- 
fortable, a  wooden  vessel  of  first-clasH 
t-onst ruction,  with  a  reasonable  spread 
of  sail  which  she  was  well  able  to  carry 
in  a  blow,  as  was  proved  in  that  me- 
morable race  of  twenty  miles  to  lee- 
ward and  back  in  half  a  gale  of  wind 
in  which  she  won  by  a  narrow  margin 
over  •*Gene8ta.'*  At  the  close  of  her 
racing  career  "Puritan"  was  changed 
from  sloop  to  8<*hooner  rig,  and  to-day 
she  is  doing  service  as  a  snug  and  com- 


tu  <'arry  it  :  .in(i  likf  Iht  |)rf«|(Mfss(»r 
Khe  was  clianptMl  aitor  I  lie  cuj)  iikm-s  tu 
a  schooner,  and  is  to-<Iay  in  service  as 
a  successful  cruiser.  After  a  lapse  of 
six  years  the  New  York  Yacht  (.'lub 
was  called  upon  once  more  to  defend 
the  cup,  and  on  this  occasion  they  went 
to  Herreshoff,  from  whom  thoy  ob- 
tained two  yachts,  one  of  which,  the 
"Colonia,"  was  a  keel  boat,  drawing 
14  feet  of  water,  built  of  steel,  and  car- 
rying about  11,(K)0  square  feet  of  sail. 
She  was  a  failure,  for  the  reason  that, 
like  the  "Navaho,"  another  Herreshoff 
J)0-footer  of  the  same  year,  she  wa^ 
a  poor  boat  on  the  wind. 

The  otiier  yacht  built  for  cup  de- 
fense by  Herreshoff  was  the  "Vigil- 
ant," and  in  her  we  see  the  engineer 
attacking  the  problem  of  yacht  design 
from  his  own  particular  point  of  view. 
Tobin  bronze  is  used  for  the  plating, 
hollow  spars  are  experimented  with, and 


THE  DEVELOPMENT  OF  THE  90.FOOT  HACINCJ   YACHT. 


Yachts. 


Hoist 
Wftt«r-       Base  of    ,      from 

line  Fore        Boom  to 

Length.   •  Triangle.     Topmast 
'  Sheave. 


ft. 

in. 

ft. 

Puritan 

81 
85 

\' 

H;> 

Mayflower 

Volunteer 

67 

85 

10 

67 

\1cilant 

86 

88 

2 

69 

Defender 

73 

Columbia 

80 

73 

ConHtitution 

89 

9 

78 

Reliance 

90 

0 

84 

in. 
0 
0 
0 
0 
3 
3 
0 
0 


ft. 
104 
111 
111 
122 
129 
138 
142 
15.5 


m. 
0 
0 
0 
0 
5 
5 
0 
0 


Boom. 


ft. 
7«) 
80 
S4 
9S 
106 
107 

no 

11.5 


in. 
() 
0 
0 
0 
0 
0 
0 
0 


(;uff. 


I    „ 


ft. 

47 

50 

51 

57 

64 

04  10 
0 
0 


7') 


in. 
0 
0 
(i 
0 

10 


Spinna-   • 
ker       ' 
Boom. 


ft.     in. 


/2 


iV2 
67 
67 
69 
73 
73 
7S 
S4 


0 
0 
0 
0 
4 
4 
0 
0 


Total 

Sail 

Area. 


nq.  ft. 

7.370 

8,S24 

9.107 

11,312 

12.640 

13.211 

14.400 

16.247 


fortable  cruiser.  "Mayflower,"  the 
next  cup  defender,  was  an  improved 
••ruritan,"  with  5  feet  more  length  on 
the  water-line  and  8,824  square  feet  of 
sail :  .she  was  built  of  wood,  and  sub- 
se<niently  to  her  defense  of  the  cup  she 
was  turned  into  a  comfortat)le  cruiser. 
Her  .sail  area  is  so  nearly  the  same  as 
that  of  her  successor,  ** Volunteer,"  that 
to  avoid  crowding  our  drawing  her  sail- 
plan  do<»s  not  appear.  "Volunteer"  was 
designed  by  Burgess,  the  designer  of 
"Puritan"  and  "Mayflower."  She  was 
the  first  of  our  large  sloops  to  l)e  built 
of  steel.  She  was  about  5  feet  longer 
on  the  water-line  than  "Puritan"  an<l 
carried  a  much  larger  sail-pin n,  the 
l>oora  being  84  feet  as  against  7<»  1- 
feet  of  "Puritan,"  and  the  hoist  to  the 
topmast  sheave  l)eing  111  feet  as 
against  104  feet  in  the  earlier  boat. 
"Volunteer"  also  was  a  perfectly  sound 
and  wboleaome  vessel.  Ahhouph  hov 
rig  was  a  }arge  one,  she  was  well  alth 


high-grade  steel  wire  rope,  bIo<'ks  and 
other  K**ap  of  extreme  Iightn(»ss,  make 
their  appearance  in  tiie  spar  and  sail- 
plans.  As  a  consecinence.  although  the 
"Vigilant"  was  only  a  few  inches 
longer  on  the  water-line  than  the  "Vol- 
unteer." she  carrJJMl  over  l!,(MM)  scjuare 
f<H»t  more  sail.  The  Imhuh  was  leiiirtli- 
ened  out  to  niph  uiion  KM)  f«»er.  while 
the  hoist  went  up  to  l.'J'J  feet  ;  and  the 
sail  s])rea(l  to  ll..*»rj  s<piare  feet.  "Viu- 
ilant"  was  to  l»e  tjje  last  of  the  cen- 
terboard yachts;  for  althoujjh  she  l)(»at 
"Valkyrie  II."  in  the  series  of  races, 
she  was  heaten  i>nilly  to  windward  i»y 
that  Itoat  in  a  stilT  lu-eeze:  and  suhse- 
quently.  during  a  season  in  Knulish 
waters,  was  l)eMten  eleven  times  out  of 
eighteen  liy  the  (le<'i)-keel  <'Utter 
"Hritjinnia."  :\  sister  l»o;it  to  "Valky- 
rie II."  Th.-it  se.M-iun's  e.\])erien<'e 
sealed  the  fate  of  tl\e  ceu\v»vWvAVvV.  \\\\v\ 
when  the  next  c\\J\\\e\\\*v»  c\\\\\o»  \\\v»  Wv^v- 

n?shoff.s.  eninisved  \vu\v  V\\vi  vivi\\V^\xvV  oV 
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building  a  yaclit  to  beat  her,  turned 
out  to  meet  her  the  deep-keel  cutter- 
sloop  ^'Defender."  **Vigilant"  was  the 
last  of  the  cup-defenders  that  was  good 
for  anything  but  cup  defense.  She  has 
been  changed  into  a  yawl,  and  has 
proved  to  be  an  excellent  cruiser  under 
her  reduced  rig.  In  ** Defender"  we  see 
the  engineer  still  at  work,  reducing 
scantling  and  lightening  up  on  con- 
struction even  to  the  smallest  detail. 
**Defender"  was  built  of  manganese 
bronze  in  the  underbody,  and  alumi- 
nium in  the  topsides  and  framing.  She 
carried  a  hollow  steel  mast,  boom  and 
gaff.  As  a  consequence,  although  she 
was  a  smaller  boat  than  "Vigilant," 
having  some  3  feet  less  beam,  so  great 
was  the  lightening  of  her  weights,  and 
the  increase  in  stability  due  to  lower 
ballast,  that  she  carried  over  1,000 
feet  more  sail  than  the  larger  yacht, 
spreading  12,040  square  feet.  The  main 
boom  reached  far  over  the  taffrail,  be- 
ing 106  feet  in  length  over  all.  The 
hoist  was  7 1-2  feet  greater  and  the 
forward  measurement  from  mast  to 
end  of  bowsprit  had  increased  to  over 
73  feet 

When  the  "Defender"  commenced 
her  trials  it  began  to  be  evident  that 
in  the  development  of  the  9()-foot 
racing  yacht  the  limit,  not  merely  of 
convenience  but  of  actual  safety,  had 
been  passed.  The  draft  of  19  feet  was 
in  itself  prohibitive  of  the  use  of  the 
boat  as  a  cruiser,  since  it  shut  her  out 
from  many  of  the  harbors  and  desir- 
able anchorages,  while  the  experience 
of  the  boat  in  fresh  to  moderate  breezes 
was  marked  by  breakdowns  which,  on 
one  occasion,  came  very  near  to  !>eing 
disastrous.  In  some  races,  when  the 
wind  breezed  up,  rivets  were  sheared 
off  and  the  climax  came  when  in  a  bit 
of  a  squall  the  pull  of  the  weather 
shrouds  was  so  great  that  the  mast 
came  very  near  punching  a  hole  for 
itself  through  the  bottom  of  the  boat. 
Ilerreshoff  evidently  had  overlookeil 
the  fact  that,  in  cutting  into  the  keel 
until  its  forward  edge  was  aft  of  the 
mast-step,  he  had  left  nothing  but  the 
light  floor-plates  and  the  frail  plating 
to  take  the  enormous  downward  thrust 
of  the  mast.  Emergency  repairs  were 
at  once  made  by  carrying  a  pair  of 
M»-J"ch  by  8-inch  steel  straps  from 
the  toot  of  the  mast  up  to  a  junction 
with  the  chain-plates  at  the  deck. 
Trouble  was  also  experienced  in  koc]>- 
ing  the  bowsprit  from  coming  inboard  ; 
several  of  the  frames  of  the  boar  broke 
at  the  turn  of  the  garboards :  and  from 
ffrst  to  last  the  extreme  lightness  of 


the  craft  was  a  source  of  unceasing 
anxiety  to  her  owners. 

Four  yeai-s  later  the  Bristol  yard 
turned  out  "Columbia,"  a  yacht  that 
emt)odied  some  of  those  features  of 
hull  and  sail-plan  which  experience 
in  the  smaller  classes  had  shown  to  be 
conducive  to  high  speed.  She  had  a 
foot  more  depth,  or  20  feet ;  her  over- 
hangs, forward  and  aft.  were  carried 
out  until  on  a  water-line  length  of  89 
feet  7  1-8  inches  she  had  an  over-all 
length  of  about  50  per  cent  more,  or 
132  feet.  Although  a  90-footer  when 
at  anchor  she  was  a  115-footer  when 
heeled  to  her  sailing  lines,  the  great 
increase  in  the  overhangs  being  due 
to  the  effort  to  build  the  biggest  pos- 
sible boat  on  the  arbitrary  so-called 
90-foot  length.  The  enlargement  of 
the  sail-plan  was  chiefly  in  the  direc- 
tion of  greater  hoist,  the  distance  from 
main  boom  to  topmast  sheave  being 
138 1-2  feet.  The  disastrous  experi- 
ence with  "Defender"  showed  the  ab- 
solute necessity  of  using  more  reliable 
materials  in  the  hull,  which  was  con- 
structed of  Tobin  bronze  plating  on 
steel  frames.  The  hull  structure. proved 
satisfactory,  but  the  lightening  up  of 
the  spars  and  standing  rigging  had 
been  carried  too  far,  as  shown  by  the 
fact  that  in  her  trial  races  she  car- 
ried away  her  mast. 

Two  years  later,  to  meet  "Sham- 
rock II.,"  Herreshoff  brought  out  the 
"Constitution,"  which  differed  in  form 
from  "Columbia"  merely  by  an  in- 
crease of  one  foot  in  the  beam.  The 
sail-plan  was  greater  than  that  of 
"Columbia"  i)y  ajjout  1.2(K)  square  feet. 
The  hoist  had  now  increased  to  142 
feet,  the  boom  to  110  feet,  and  the  base 
of  the  forward  triangle  to  78  feet. 
"Constitution's"  appearance  is  com- 
parable only  to  that  of  "Defender"  in 
the  constant  succession  of  breakdowns 
that  have  occurred ;  but  with  this  dis- 
tinction, however,  that  whereas  "De- 
fender's" trouble  was  in  the  hull.  "Con- 
stitution's" has  been  up  aloft.  At  dif- 
ferent times  she  has  carried  away  her 
mainmast,  her  topmast  and  her  gaff. 
Of  the  hull,  however,  it  must  be  ad- 
mitted that  the  system  of  belt-and-lon- 
gitudinal  framing  adopted  by  Herres- 
hoff has  been  eminently  successful. 
Although  it  is  probable  that  no  large 
amount  of  weight  is  saved  over  the  old 
system  of  framing,  it  is  certain  that 
weight  for  w(Mght  it  is  considerably 
stronger.  "Constitution"  proved  so 
much  of  a  disappointment  that  it  was 
really  realized  that  to  defend  the 
cup  Buc^:css{ullv   some   radical   depar- 
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OBt  be  taken,  and  Herreahoff 
oat   most  boldly  in  the  direi*- 

the  **8COw"  type,   which   had 

so  fast  in  the  smaller  classes  of 

On   a   water-line  of  IH)   feot 

r  lM)at  has  a  beam  of  over  2(i 

draft    of    2n    feet,    and    an 

length  of  close  upon  IfV)  feet. 
:h  she  is  a  !K)- footer  at  anchor. 
'ully  a  ll!()-footer  when  heelefl 
»eze :  and  to  this  fact  is  to  be 
!  the  astonishinjir  sail-carryinj? 
vbich  she  has  shown,  the  area 
the  New  York  Yacht  Club 
ment  being  1(S,247  square  feet : 
'hanges  are  made  they  will  be 
n  the  direction  of  an  increase 

reduction  of  sail-plan.  The 
»f  sail  iK>wer  in  the  Inst  fifteen 
\y  be  summed  up  in  the  state- 


ment that  on  an  increased  water-line 
length  of  only  10  feet  the  **tteliance'* 
of  VMXi  spreads  over  twice  as  much 
sail  as  did  **Puritan*'  in  188r».  In  her 
we  see.  unquestionably,  the  highest 
possible  development  under  the  exist- 
ing rule,  and  although  the  lK)at  is  an 
overgrown  monstrosity  us  a  sailing 
craft,  she  is  certainly  a  great  tribute 
to  her  builder,  both  as  a  naval  aix'hi- 
tect  and  as  a  wonderfully  resourceful 
and  ingenious  mechanic.  She  is  the 
biggest,  lightest  constructed,  most  ])ow- 
erful,  and  probably  the  fastest  yacht 
of  her  water-line  length  that  ever  was 
or  ever  will  be  constructed,  and  she 
possesses  that  dual  quality,  never  be- 
fore found  in  one  and  the  same  j'acht. 
of  being  relatively  just  as  fast  in  light 
as  she  is  in  strong  winds. 


CHAPTER    in. 


THE    NAVIES    OF    THE    WORIiD. 


subject  of  the  navies  of  the 
is  a  most  important  one. 
1  of  classification  vary,  and  it 
lit  to  obtain  any  figures  which 
The  three  English  authorities 
le  Naval  Annual,"  by  T.  A. 
:  "The  Naval  Pocket  Book." 
W.  Laird  Clowes,  and  F.  T. 
**A11  the  World's  Fighting 
[Munn  &  Co.,  publishers).  The 
i  filled  with  illustrations,  dia- 
etc,    and    has    an    excellent 


thumb  index,  facilitating  easy  refer- 
ence. Our  comparison  of  naval 
strength  is  base<l  on  these  three  books. 
In  addition,  we  give  the  tables  of  the 
Hydrographic  Office,  and  for  those  who 
care  to  pursue  the  matter  further,  we 
give  an  abstract  of  the  section  of 
UazcH's  Annual  dealing  with  the  sub- 
ject. With  this  explanation  it  is  hoped 
that  the  dissimilar  figures  will  not  be 
as  confusing  as  they  otherwise  would 
be. 


[E  CONSTRUCTION  AND  CLASSIFICATION  OF  MODERN 

WARSHIPS. 


lodem  warship  is  an  ever  pop- 
Ject  with  the  readers  of  the  il- 
1  press.     Tliis  is  proved  by  the 

with  which  guns,  ships  and 
old  their  place  as  conspicuous 

for  the  pen  and  the  brush, 
question,  however,  in  spite  of 
iliarity  of  the  public  with  the 
1  piiraseology  of  the  warshii), 

the  average  reader  has  a  very 
»  idea  of  the  distinctions  be- 
le  various  classes  of  ships  nnd 

the  various  elements  from  tlie 
tion  of  which  these  ships  de- 
ar distinctive  class  character- 
He  is  told  that  the  '^Indiana" 
tleship,  the  **Brooklyn"  an-  ar- 
ruiser,  the  "Columbia"  a  pro- 
Tuiser,  and  the  "Puritan"  a 
But  it   is  probable  that   ho 

a  vague  idea  as  to  what  (piali- 
r  are  that  mark  the  distinction. 
the  distinctions  should  need  to 
all. 

a  view  to  answering  tlioso 
s  in  a  general  way,  we  have 

1  three   diagrams    and    a    per- 
drawing  which  show  the  r-oii- 

2  features  of  the  several  typr-j 
flip  to  which  we  have  referred 
In  diagrams  I  to  III  the  armor 
ited  by  full  black  lines  or  l)y 

the  approximate  .thirknoss  of 
or  being  shown  by  the  thirk- 
the  lines  and  the  depth  of  tho 
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shading.  The  fine  lines  represent  the 
nnarniored  portions  of  the  ordinary 
plating  of  the  ships.  In  the  end  view 
the  armor  is  shown  by  full  lines  and 
shading  and  the  ordinary  ship  plating 
by  dotted  lines. 

When  the  naval  architect  sits  down 
at  his  desk  to  d(»sign  a  war.ship  of  a 
certain  size,  he  knows  that  there  is 
one  element  of  the  vessel  which  in 
lixefl  and  unalterable,  and  that  is  her 
(lis])lacement.  By  di5i)lacement  is 
meant  the  actual  weight  of  the  ship, 
which  is,  of  conrse,  exactly  equal  to 
the  weifjht  of  wat-n*  which  she  dis- 
places. This  total  weight  is  the  cap- 
ital with  wliich  the  architect  has  to 
work,  and  he  uses  his  judgment  in  dis- 
trihutinu:  it  among  the  various  ele- 
ments which  go  to  make  up  tlie  ship. 
Part  is  allotted  to  tlie  hull,  parr  to 
the  motive  power,  part  to  the  armor 
protertioii.  i)art  to  the  guns,  and  part 
to  tlie  fjiei,  stores,  furnishing  and  gen- 
eral •  ipiipnieTit. 

It  is  (»vid<Mit  that  the  allotment  of 
weiirliis  is  a  matter  of  compromise - 
what.'ver  excess  is  given  to  one  (»le- 
ment  must  be  taken  from  another: 
(»lse.  the  ship  will  exceed  the  given 
displacement.  Among  the  elements 
above  mentioned  there  are  some,  such 
as  w'^iuht  of  hull,  provisions,  stores, 
and  furnishings,  which  for  a  given 
size  of  ship    w\\\    tiot   Neil's    ^x^«X\^. 
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There  are  other  elements,  such  as  guns, 
armor,  engines  and  fuel-supply,  which 
may  vary  considerably  in  different 
shipn,  according  to  the  type  of  vessel 
that  is  produced.  If,  for  instance,  the 
architect  is  designing  an  extremely 
fast  ship  of  type  No.  1,  which  has  a 
speed  01  23  knots,  he  will  have  to  al- 
lot such  a  large  amount  of  weight  to 
thp  motive  power  that  he  will  only  be 
able  to  give  the  ship  very  slight  armor 

(irotection  and  a  comparatively  light 
>attery  of  guns.  If  he  wishes  to  pro- 
duce a  fast  ship  that  shall  be  more 
heavily  armed  and  armored,  he  has  to 


besides  protecting  his  water  line  in  the 
region  of  the  engines  and  boilers  with 
a  belt  of  steel  of  the  same  dimensions. 

The  swift  and  lightly  armed  and  a^ 
mored  ship  is  known  as  a  protected 
(truiser ;  the  less  speedy  but  more  heav- 
ily armed  and  armored  ship  belongs  to 
the  armored  cruiser  type,  and  the 
slowest  ship,  with  its  capacity  for  tak- 
ing and  giving  the  heaviest  blows  that 
modern  guns  can  inflict,  is  known  as 
a  battleship. 

In  the  construction  of  a  warship 
the  two  qualities  of  attack  and  dp- 
fense  have  to  be  supplied.     The  offep- 


*'*f**t»-m^ 


A n    n  ?  n    n    , 


4    A 


B  8 


j.^Mortcra  cMuisMA'MKJif0rs 


m  AXMOjtiff  cxursut'gj  jurors. 


ti^^^^ 


Mttfttmtm*        ^mfit»*» 


HI.  BATTltSUlP-l?  xyoTs. 


COMPARATIVE  ARMOR  PROTECTION  IN  PRINCIPAL  TYPES  OF  MODERN 

WAR  VESSELS. 


l«e  content  with  less  speed,  say  20  or 
21  knots,  as  in  No.  2,  and  the  weight 
so  saved  on  the  motive  power  appears 
in  the  shape  of  a  side  belt  of  armor  at 
the  water  line,  more  complete  protec- 
tion for  the  guns  in  the  shape  of  bar- 
bettes and  turrets  and  considerably 
lionvier  armament.  If,  again,  he  de- 
sires to  produce  a  ship  capable  of  con- 
tending with  the  most  powerful  ships 
in  line  of  battle,  as  in  No.  3.  he  is 
contpnt  with  much  lower  speed,  say 
IG  or  17  knots  an  hour,  and  he  in- 
creases the  power  of  his  guns  until 
they  woig]»  over  00  tons  apiece,  and 
;)r()tects  them  with  great  redoubts 
nnd  turrets  of  steel  1 1-2  feet  thick, 


sivo  powers  are  furnished  by  the  guns, 
the  torpedoes  and  the  ram ;  the  defen- 
sive powers  are  provided  by  giving  the 
ship  a  complete  double  bottom  and  an 
abundance  of  watertight  compart- 
ments, and  by  providing  it  with  as 
much  armor  plating  as  it  will  carry  to 
keep  out  the  shells  of  the  enemy.  The 
greatest  danger  to  which  a  warship  is 
exposed  is  that  of  being  sunk  either 
l>y  under-water  attack  by  torpedoes  or 
the  ram,  or  by  l)einf  penetrated  at  the 
wat<*r  line  by  hea  '«hell  fire.  The 
(lest  met ive  foree  Oi  a  torpedo  is  so 
great  that  all  that  can  be  done  is  to 
localize  its  effects.  For  this  purpose, 
and  aVao   to  %W^   greater    structural 
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th,  the  hull  below 
C  double — a.  hull 
'Dgiladinal  b  ' 
ig  of  the  ship  Is  built  in  between 
ihells,  whieh  are  kuowa  aa  the 
Ind  outer  bottoniH,  and  tlit  spare 
n  divided  into  innumerable  wa- 
it compartmentB  or  cells.  There 
M«ibilitr  that  a  blow  that  would 
in  the  outer  shell  might  uot  rup- 
he  inner  shell ;  but  If  it  should, 
low  of  water  is  confined  to  a  lim- 
>ort  on  of  the  hull  b  div  d  ng 
tar  b;  transverae  and  long  lud 
alls  or  bulkheads  of  p  at  ng  A 
hat  burst  In  lo  h  outer  and  in 
ells  would  only  adm  t  water  to 
t  many  rompartments  and  the 
rould  still  have  a   large  resene 

mtect  ng  warah  ps  aga  nst  si  ell 
is    retMgn  zed    that    there   are 


the  battleship  this  deck  Is  generally 
flat  from  side  to  side  amidabips  for 
about  two-thirUs  of  the  ship's  length. 
At  the  sides  it  rests  upon  a  wall  of 
vertical  armor  fnjm  15  to  18  inches  in 
Ihicknei^.  whii-I]  extends  in  I  he  wake 
of  the  magaziueK.  engines  and  boilers. 
'Pliis  i^ide  armor  is  usually  about  7  1'2 
feet  in  height,  ;)  feet  of  it  tieing  above 
and  4  1-2  feet  below  the  water  line. 
At  ench  end  of  the  side  armor  a  trans- 
verse wall  of  armor  extends  clenr 
n  ross  tl  c  sh  p  Tl  s  reclangu  ar  wall  ' 
with  its  root  of  H  sleel  (bus  forms  a 
km  t  of  n\er  ed  1>oi  sn  gly  sheltered 
lelo«  nhch  are  the  before  mcut  oned 
als  of  the  sh  p  At  eaci  end  of 
hs  n  erted  box  two  luge  larhettes 
n  walls  1  to  1  Inrhes  h  ck  are 
b  p   o  a  fen  feet  above  the  ma  a 

de  k   and  just  w  th  n  and  above  them 
rcvol  e  a  pa  r  of  t   rrets  w  th  walls  of 


mfyTy' 


BATTLtSmi". 


)  parts  of  the  ship  which  are  of 
nunt  importance,  inasmuch  as 
liiablem-^nt  would  leave  it  at  the 
of  the  enemy.  These  are  the 
i"  of  the  ship,  and  they  com- 
the  magazines,  the  boilers,  the 
■  and  the  steering  gear.  If  s 
penetrated  the  magazinos,  it 
be  liable  to  result  in  the  blowing' 
the  whole  ship,  and  if  it  entiTe<l 
(Her,  engine  or  steering  ruumK. 
ltd  probably  render  the  ship  un- 
:efible.  in  which  event  she  wouhl 
he  risk  of  being  rahtineil  atiil 
If  the  enemy. 

ill  warships  the  vitalx  are  rov- 
y  a  complete  protective  deck  of 
which  variea  in  thii-kncsx  from 
o  3  inches.  The  hiahest  part  nf 
■ck  Is  generally  nt  a  Rlijthtlv 
level  than  the  water  line  nmiil- 
aDd  it  oarves  down  at  eiicb  enii 
Bt   tbB  Ixxr  and  the  stem.     la    ' 


17  inch  steel.  (Sec  perspecti 
Tlie  turn-la  give  shellpr  tr  ■ 
<,  of  which  ihcre  are  n  pai 


the 


<-ncli.    and    the    I  .      ,  . 

turning  gear  by  whii'h  ilie  t 
roiiired.  'I'here  in  ihus  a  c  ..  . 
Willi  of  1,">  to  17  inch  sleel  extend- 
iriE  from  4  fc.rt  lielow  the  walcr  line 
lo  I  be  roofs  of  the  turrets. 

With  this  deKcriprion  in  mind  the 
readier  will  see,  on  looking  nl  diagram 
No.  III.,  that  iK-fon;  lienvy  shells 
can  injun-  the  englne!i.  hoili-rs  or  guns, 
they  must  iinsa  through  fnim  \'i  to  18 
inchcH  of  iioliit  and.  in  thi-  cnse  of 
American  Iwttleshipw,  facc-hnrdcned 
Ilnrvcy  stwl.  The  fi-inch  and  S-in-h 
prote<inl  hy  tl  and  t(  inches 


nf  sleel. 

Now    it    can    rea'Jily 

and  guns  ihW;-  ttearty  \o  U\e  > 
of  the  sliii),  iwil  toT  Uu%  ^«a; 
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spite  of  her  smaller  engine  power,  a 
firstclass  battleship  rarely  displaces 
less  than  10,000  tons,  and  in  some  for- 
eign navies  the  displacement  runs  up 
.  to  nearly  16,000  tons.  This  will  be 
understood  by  reference  to  the  perspec- 
tive view,  where  the  armored  portions 
of  the  ship  are  indicated  by  full  lines 
and  shading.  It  will  be  seen  that  all 
that  part  of  the  ship  lying  below  the 
water  line  is  shut  in  by  a  continuous 
roof  of  steel  which  is  3  inches  in 
thickness  forward  and  aft  of  the  bulk- 
heads. Over  the  central  armored  cita- 
del it  is  2  3-4  inches  thick.  All  the 
plating  indicated  by  dotted  lines  might 
be  shot  away  without  the  "vitals"  suf- 
fering injury  or  the  ship  being  sunk. 
The  reader  will  see  that  it  is  the  bat- 
tleship^s  sides  and  the  extra  deck  and 
freeboard  which  they  provide  which 
constitute  practically  the  difference  be- 
tween a  battleship  and  a  monitor. 

This  brings  us  to  the  consideration 
of  the  monitor  type.  Take  away  from 
a  battleship  all  that  portion  which  is 
shown  in  our  drawing  in  shaded  lines 
above  the  water  line ;  lower  the  bar- 
bettes until  they  rise  only  a  few  feet 
above  the  steel  deck,  and  we  have  a 
ship  of  the  general  monitor  type.  The 
monitor  is  distinguished  by  very  low 
freeboard — onlv  a  few  inches  in  the  ex- 
treme type — the  absence  of  a  heavy 
secondary  battery  and  the  possession 
of  a  main  armament  of  heavy  guns. 
Such  a  ship  labors  heavily  in  bad 
weather  and  is  not  intended  for  ser- 
vice at  any  distance  from  the  coasts. 
To  make  a  seagoing  vessel  out  of  her 
it  would  be  necessary  to  add  one,  or 
even  two  decks,  placing  the  guns  well 
up  above  the  water,  after  which 
changes  she  would  be  no  longer  a  moni- 
tor, but  a  seagoing  battleship. 

In  the  cruiser  type  the  protective 
deck  does  not  extend  across  the  ship 
at  one  level,  but  curves  down  to  meet 
the  hull  at  a  point  several  feet  below 
the  water  line.  This  sloping  portion 
is  made  thicker  than  the  flat  portion, 
as  in  diagram  No.  II.,  where  the  deck 
is  3  inches  thick  on  the  flat  and  0 
inches  on  the  slopes.  In  the  case  of 
the  armored  cruisers,  a  belt  of  vertical 
armor  is  carried  at  the  water  line  and 
in  all  cruisers  the  V-shaped  space  be- 
tween belt  and  sloping  deck  is  filled 
in  with  roal  or  with  some  form  of  wa- 
ter-excluding material,  such  as  com- 
pith  cellulose.  In  diagram  II.,  which 
represents    (he    fine    armored    cruiser 


i  "Brooklyn,'*  it  will  be  seen  that  before 
it  could  reach  the  engine  room  a  shell 
would  have  to  pass  through  3  inches 
of  vertical  steel,  about  (>  feet  of  coal 
and  G  inches  of  inclined  armor — a  to- 
tal resistance  equal  to  14  or  15  inches 
of  solid  steel.  The  guns  and  turning 
gear  are  protected  by  51-2-inch  steel 
turrets  and  d-inch  barbettes.  The  bar- 
bettes, it  will  oe  seen,  do  not  extend 
continuously  down  to  the  armored 
deck,  as  in  the  battleship,  for  this 
would  require  a  greater  weight  of 
armor  than  can  be  allowed.  Conse- 
quently, the  architect  is  only  able  to 
furnish  the  guns  wi*:h  a  small  armor- 
plated  tube  for  protecting  the  ammu- 
nition in  its  passage  from  the  maga- 
zines to  the  barbettes. 

In  the  protected  cruiser  the  side  arm- 
or at  the  water  line  disappears  alto- 
gether, and  dependence  is  platted  en- 
tirely upon  the  sloping  sides  of  the 
protective  deck,  the  water-excluding 
cellulose  and  the  (>  or  8  feet  of  coal 
which  is  stowed  in  the  bunkers  in  the 
wake  of  the  engines  and  boilers.  The 
barbettes,  turrets  and  armored  am- 
munition tub?s  of  the  armored  cruisnr 
disappear,  and  their  place  is  taken 
by  comparatively  light  shields  and 
casements  of  4-inch  steel  which  serve 
to  prote<'t  the  gun  crews. 

It  will  he  seen  from  the  above  de- 
scription that  each  class  of  vessel  is 
only  fitted  to  engage  ships  of  its  own 
type.  The  protected  cruiser  "Colum- 
bia" (No.  I.)  might,  with  her  light  t? 
and  4  inch  guns,  hammer  away  all  day 
at  the  "Indiana"  (No.  III.)  without 
being  able  to  do  much  more  than 
knock  the  paint  off  the  latter*s  18-inch 
armor,  whereas  one  well-directed  shot 
from  the  13-inch  guns  of  the  "Indiana" 
would  be  suflicient  to  sink  or  disable 
the  "Columbia."  The  "Brooklyn" 
would  fare  better,  and  at  close  range 
her  8-inch  guns  might  happen  to  pene- 
trate the  belt  or  turret  armor  of  the 
"Indiana,"  but  the  issue  of  the  duel 
would  never  be  in  doubt  for  an  in- 
stant. A  "Columbia"  or  a  "Brook- 
lyn" would  show  its  heels  to  an  "In- 
diana" or  "Massachusetts,"  and  their 
great  speed  would  give  them  the  op- 
tion of  refusing  or  accepting  battle 
with  almost  any  craft  that  is  afloat 
upon  the  seas  to-day. 

It  should  be  mentioned,  in  con- 
clusion, that  the  dividing  lines  in  the 
classification  of  warships  are  some- 
what tiexible. 
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RELATIVE   STRENGTH  IN  MATERIEL:    PRINCIPAL  NAVIES. 

A  Pftriuunentary  Return  dated  March  26th,  1903,  was  iraued  in  Mav  of  that  year,  showing 
the  Fleet«  of  Great  Britain,  France,  Russia,  Germany,  Italy,  the  United  States  of  America,  and 
Japan.  This  return  is  here  brought  up  to  date  Dec.  Slst,  1903.  This  refers  to  the  text  matter. — 
H<uM*9  Annual. 

The  figures  in  the  tables  show  the  condition  of  affairs  on  Jan.  I,  1904;  Hince  this  t«me  the 
UussoJapanese  war  shows  great  changes.  The  severe  losses  of  the  RuMtians  and  the  slight 
looses  of  the  Ji^aneee  have  been  taken  into  account  in  the  tables.  The  third,  fourth  and  mth 
tables  are  issued  by  the  Office  of  Naval  Intelligence,  U.  S.  N.,  with  modifications,  according  to 
newspaper  report.**,  occasioned  by  the  Russo-Japanese  War. 

BUILT. 


Type. 


B?hSn.'^™"**-  Germany 


Russia.    Italy. 


United 
States. 


Jai>an. 


Battleshipci,  Ist  class 

2nd  class 

3rd  clam 

Coast  defence  vessels. 

Cruisers,  armored 

protected,  1st  class  . 
2nd  class. 
3rd  class. 

unprotected 

Torpe<io  vessels 

Torpedo-boat  destroyers 

Tcirpedn  boats 

•Submarines 


BUILDING. 


Tyi>e. 


Great 
Britain. 


Battleships,  1st  class. 


2nd  class. 
Coaf«t  defence  vessels. 
Cnii-^ers,  armored.  .  . , 


protected,  1st  class. 


2nd  class.  . 
3rd  class. .  i 

\' 

Torped«>-boat  destroyers 


Scouts. 


Torpedo-boats.  . 
Submarines 


I: 


7 
6* 


13 
4* 


2 

4 

3* 

4 

4* 
19 
16* 

5 

4 

10* 


Italy. 


Uniteil' 
States.  I 


Japan. 


6 

|0* 

112 

— 

)    1* 

3* 

\2 

'<2* 

2 

»19 
1    4* 

118 
125* 
♦  25 
*♦  18* 


6 
7 
2 


6 


3 

1* 


5 
2* 


0* 
1 


6 
3* 

J7 
5* 

4 

1 

1 
11 

6* 

1* 

5 

2 

1 

■— 

1* 

— 

2* 

8 

~4 

2 
18 

2 

5 

RELATIVE   ORDER   OF   WAR   SHIP   STRENGTH. 


At  Present. 

As      WOULD      BK      THK     (^ARK      WKRK      VkHSKI^ 

Bj  iLi>iN<j  .NOW  Completed. 

Nation. 

Tonnage.    ;                        Nation.                         j     Tonnage. 

rin^t  Britain.  ...               ... 

1,5 10,040 

Great  Britain 1.867.250 

i>*ri^nce 

576,108 

France 755,757 

(iermany 

RiMsia 

United  States 

387.874 
346.458 
294.405 

United  Stato 616,275 

Germany 505.619 

Russia 4.'i8.432 

Italy 

25«,S3S          Italv 329.257 

Ja(>an 

243.586     1     Japan 253.081 

Au!«tna 

93.913          Austri.i 149.833 

♦  Signifies  profnamme  1903-4  (ordere<l  or  projected). 

t  Includioc  three  partially  protected. 

t  Includioc  one  partially  protected. 

\  Including  two  vmmit purebMaed  from  the  Argentine  for  $7 ,500,000,  l>©c .  ^V*\ ,  VW». 


SCIENTIFIC   AMERICAN  REFERENCE   BOOK. 


i  i 


i 

1 

1 

1 

I 

s 

li 

. 

" 

- 

5 

2 

J 

1       E: 

1   i 

1 

i 

.        =" 

■       •         5 

T 

1 

i 

1   1    i 

^ 

_. 

*r 

- 

"    - 

: 

S 

« 

1 
1 

1 
1" 

§      g  S      1      1      i 
1      si      «      S      =■ 

1 

r-             «      «             «             «             - 

s 

I 

? 

§ 
£ 

5 



-- 

1 

£ 

i    ^ 

1  1  1  i 

1 

■= 

S       S  =       '       s       s 

i 

1 

1 

i 

■i- 

1         1 

'. 

3 

1 
1 

"                    " 

s 

1        ^ 
i        - 

§    §    i    1 

a      8      §      S 

s       -  a       S       3       5 

i 

si 
s 

i  1- 

^  i' 

; 

1 

1""" 

c3 

1 
pi 

1.: 

^ 

3 

i 

1 

J 

n°  I 


SCIBNTIFIC  AHBRICAN   RBFERBNCB   BOOK. 


1 

1 

g 

1. 

i 

a 

« - 

1 

1 
1 
1 

ii 

i  i 

= " 

"  • 

"f 

i   i 

si 

- 

i 

1 

1 

1   II 

1    !■ 

- 

1 

i 

1 

— "-  " 

■ 

a 

" 

- 

i 

1 

1     11 

J    1 

i 

3        «   « 

1 

1 

1  1  ri- 

i 

Is 

= 

"  "  -  - 

J 
T 

i  ii  = 

i  1 

i 

=        2   ■-        • 

£        5 

;  S 

j 

i 

:??  1-1 
PI  ill 

S.            C 

1 

i  1 


i  s  s  1 


v\ 


SCIENTIFIC    AMERICAN    REFERENCE    BOOR. 


I  ill 


I  ^  s 


AltGKNTINK  HlOrVBl.lC. 
I         Peibonnkl.-  ThM*  are  321  «iMUIiv«  nS- 

I    snil  rriun  h.(m  >o  S,(MO  men''   The  e<Kua>T 
,    c.fG«n.  ■»  Jwidcd  OK  luUowK       vi«-a,lmiml. 

i    -42  mmmaiKleni'  '»l    ieuUiunl..'  01  nib-lin- 
4en>nU.«l  roia^iipmen,  ■Drl«0  pu'lH-. 
Matebikl,— The  i-lrength  in  rfiiiw  buill  •oil 
I    buiUlitig  on  Nov.  30ih.  1MB  htm: — 

B»i,l«ki,» "  "! 1 

Cosit  dtttru*  VRoel,. 4 

ArmnrHl  rniiner. 4 

Prr>le.'ted  rtuiwrs S 

I        Torp«lo  ,-««l. 5 

I  Tnrpeilo-lHiil  deatniyHi  ii 3 

I  DockYardh.— Tha  principal  <tuclEyar.lx  ut 
Su  Fertiiuiilu.—Tlim  Hnsll  dncki  lake 
PuBHo  Bclgrani..— (liiB  lante  <iDCk  takM 
Buenw    Ayna.— Vdry    limited    aeoammo- 


I     s  S  - 


—  1  i 


ArBTRIA-Bl-NGARV 
pEiiiH)HHEL._Ttw  numbar  of  all  rankf  in 
(he  Aiutrian  Navy.iacludin(  rtrmmt.  alOM^. 
Thn  offirera  uf  Ihe  Aoatrian  Navy  an  dlnri- 
buteil  a.H  fi>ilTiw«:  1  aiioiiral,  3  vioe^ailmiralc^ 
17  cai>lsiDB,  37  cnBionuiiier*.  37  lieuICDanl- 
oommanden,  200  licul^imiilF.    191    eub-lieu- 

M^Tt.i,iM.  TKr  .ir-nelh  in  iihi|w  buill. 
buildinc.  anil  projectnl  on   Nov.  aOth.  1MB. 

Ccia.1  dBfsDHi  ahiiw. .  y.'.'.'.\'.'.'.'.'.'.'.'.  3 

River  iDonitiji*. 4 

Anniirftl  eraoMn. | 

Prolecteil  rruiner*,  3nJ  clan 3 

Torpedo  voiwdn ,    19 

ltalll«4iii».  lot  clOKo 4 

.\rnv>t<-.\  i'^ni-T^  '.  '.'.'.'.'.'.'.'.'..'.'.'.v.'.     i 

Uni-Ki.iui  V\,i-  principal  OoverDiarnl 
.tnckyHnl  ..f  Auriiria-IIututary  ii  eltuaied  ii 
l'.ila.     Tl^ft.-  sn-  (hrw  ^mall  d.cke  Ibere. 

•Thew  tw.i  i-w«'l»  BTv  Ihe  BrmaAimi, 
Jfii.n(rini  mid  ihc  .l/.in-cim.  tfomo.  which 
were  hmll  i^  Imlv,  nnd  were  sold  [Dec.  31«, 
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BRAZIL. 

Pebsonnu.. — The  personnel  of  the  Bnuil- 
ian  navy  numbera  about  8,500  of  all  ranks. 
The  executive  officers  are  distributed  as  fol- 
lows: 1  admiral,  2  vice-admirals,  10  rear- 
admirals.  18  captains,  30  commanders,  60 
lieutenant-commanders,  175  lieutenants,  and 
160  sub-lieutenants. 

Materiel. — The  ships  built  for  the  Brasil- 
ian  Navy  number  in  all  63.  There  are  no 
vessels  under  construction. 

BUILT. 

Coast  defence  snips. 9 

Protected  cruisers 6 

Torpedo  ves»*els 18 

Torpedo  boats 28 

Submarines 2 

nocKTARDe. — The  only  important  dock- 
yard is  situated  at  Rio  de  Janeiro,  where  there 
are  three  docks  to  take  cruisers,  and  two 
Hmaller  ones.  Besides  this  there  are  niaval 
bases  'at  Para.  Bahia,  Pemambuco,  and 
Ladario  de  Matto  Groeso. 

CHILE. 

PERflONNEL. — The  numbers  of  officers  and 
men  on  the  active  list  are  variously  stated  to 
be  from  6.000  to  8,000.  The  executive  officers 
are  distributed  as  follows:  1  vice-admiral,  4 
rear-admirals,  11  captains,  18  commanders, 
16  lieutenant-commanders,  25  lieutenants, 
and  36  midshipmen. 

Materiel. — The  strength  in  ships  built  and 
building  on  Nov.  30th,  1003,  was: — 

BL1LT. 

Battleships 2 

Armored  cruisers 2 

Protected  cruisers 6 

Torpedo  vessels 6 

Torpedo-boat  destroyers 6 

Torpedo  boats 24 

DocKTARoe. — The  principal  dockyards  are 
sittiated  as  follows: — 

Talfli^uno. — One  dock  takes  any  warship. 
Valparaiso. — Two  small  floating  docks  take 
cruisers. 

DENMARK. 

Personnel. — The  personnel  numbers  about 
4.000  of  all  ranks.  The  executive  officers  are 
divided  as  follows:  1  vice-admiral,  2  rear- 
admirals,  16  captains,  38  commanders,  03 
lieutenants,  33  sub-lieutenants,  and  23  mid- 
shipmen. 

Matkiusl. — The  strenn^h  in  ships  built  and 
building  on  Nov.  30th,  1903,  was: — 

built. 

Battleships. 4 

Coast  defence  vessels 4 

Protected  cruisers. 5 

Torpedo  boats. 25 

BVILDINO. 

Coast  defence  vessel 1 

DocKTA^D. — At  Copenhagen  there  are  three 
small  docks. 


FRANCE. 

PERSONNEL. 

The  number  of  officers  and  men  on  the  active 
list  of  the  French  Navy  in  1903  was  53,247,  and 
in  the  Reserve  there  were  49,346  officers  and 
men.  The  number  of  men  effective  during 
1903  was  less  by  2,040  than  the  number  avail- 
able during  the  preceding  year. 

Tlie  executive  officers  of  the  French  Navy 
are  divided  as  follows: — 15  vice-admirals,  30 
rear-admirals,  124  captains,  212  commanders, 
751  lieutenant-commanders,  574  lieutenants. 
146  sub-lieutenants,  100  midshipmen,  183 
cadets. 

materiel. 
The  number  of  ships  built,  building,  and 
projected  for  the  French  Navy  on  Nov.  30th, 
1903.  was:— 

BUILT. 

Battleships,  Ist  class 20 

2n<l  class 9 

3nl  class" 1 

'Coast  defence  vessels 14 

Armored  cruisers 10 

Protected    cruisers,     Ist  class* 7 

2nd  class 16 

3rd  class 17 

Unprotected  cruisers 1 

Torpedo  vessels 16 

Torpedo-boat  destroyers 14 

Torpedo  boats 247 

Submarines 15 

BUILDING. 

Battleships.  1st  class 6 

Armored  cruisers 12 

Torpe<i<>-boat  liestroyers 19 

Torpedr>-boats 18 

Submarines 25 

PROJKCTKO. 

Armored  cruiser* 1 

T(>ri>€<l(>-bottt  destroyer?* 4 

Torpedo  boats 25 

Submarines 18 

DOCKYARDS. 

The  Ciovemment  dockyards  in  France  are 
situated  as  follows: — 

Cherbourg. — One    dock    takes    battleships 

14,()00  tons;  seven  smaller. 
Brest. — One  dock  takes  battleships;  others 

very  small. 
I^)rient. — One  dock  takes  bftttleships  14,000 

ton?*:  one  take?*  small  cruisers. 
Uf)chefort. — Three  docks,  take  small  vcpselv 

only. 
Toulon. — Three     docks     take     battleships 

14,000  tons;  six  others  take  cruisers. 

GKK.MANY. 

PKItMONXKL. 

The  numl)er  of  officers  an<l  men  on  the  ac- 
tive list  is  3'>,()8r>,  and  on  the  regular  reserve 
there  arc  r^lll.  The  total  number  of  able- 
bmlie<l  men  liable  for  service  in  the  Reserve, 
however,  is  about  70,000. 

♦This  armoreil  CT\i\«eT  \*  W\e Erae%l Rrrvatv 
of  13.502  lou«*. 
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«  foUowa: — 8  vice-wimLT^p   16 

332    HUl>-Ueu(«uu]t9.    401    midflhijimAii.    300 

Tlw  alrenclb  of  tha  Garmui  Navy  in  nbipa 
built  uul  buildinc  on  Nov.  30tb,  l«oa,  wu:— 

Battlcohipih  lut  dun 14 

3t4c\»m.'. '.'.'.'.'.'.'.'. '.'.'.'.'.  12 

Ci>iii>t  d«f«n«  ahip* 11 

Aniinreri  cniinen 2 

PnilKled  cniiwn.  lit  dm 1 

2rai  elus B 

arddMS 10 

Vnprolecled  cruLsmi 30 

T..rpe.io  vewk 2 

Tonwdo-bost  de«Ri>«n. 32 

Torpedo  bnaia. »3 

Bubmuines. f 

8Bttl«shipn.  1st  d»g 6 

Prolecladerulwn.Sniclus. 5 

AriDORdc 

Torpedo-boat  deelroyera 6 

Torpedo  boaij. — 

Submariiw. 1 

The   Germu   dockyBrds  are   situated    as 

Kiel.— Two  docks  take  any  iibip.  Also  tvo 
floalini  docks.  Four  docki  take  any 
ablp  up  to  10,000  (onx. 

WilhelmxhBven.— One  dock  takes  any  ship; 
one  lake*  up  lo  10.000  tons.  ,  Three  Soat- 

OREAT  UKITAIN. 

The  number  of  officers,  namen.  boys,  and 
marines  provided  for  xca  and  other  sert-ices  for 
Ihe  year  1903-4  amounls  to  127.100.  being  an 
increase  of  4.600  on  Ihe  ]>r«vioiu  I'ear.     The 

1903.  was  10.579. 


m  of  the  Nb\ 

alF 

rcesAc 

1  stienglhen  i 

e  Haval  Rest 

thai  Ih.-* 

1  employm. 

t  shall 

■s  io  .he 

The  lt,.yii 

Naval  Volu 

ml  by 

Ihe  Act  ot 

1902  have  fo 

iceden 

<ns  have  )«ei 

Aindon 

and  C;lB«f 

nelb  of  the  It 

;;;. 

Navy 

inf,  ai>.l  ,.r; 

.  301  h. 

Baltleahipe,  In  das*. 4t 

2nd  elan. i 

3rdd»as. 3 

Coast  defence  ships 3 

Armored  cnwiem M 

PiDteoted  cniiaers,  Ist  class 31 

2Dd  olaae. SI 

3rd  olaaa. 32 

Uaproleclad  cniisera 10 

Torpedo  vessels M 

Toriwdo-boat  deetroyera. 113 

ToriMdo  boats SI 

Submarines. .  ' 

BBtUe«Mpa.Ittd>sa 7 

Armored  oniisere 13 

Prolecled  cruisers,  2nd  class. 3 

seouis. ;■.;:!;:;  * 

Torpedo-boat  deetroyera. It 

Submanuee 4 

rnottcTtD, 

Battleships.  1st  class S 

Armored  cruisers 4 

Protfldiod  cruisers. 3 

Torped(^b™i  deiiiroiin.  '.'.'.'.\ '.'.'. '.'.'.  IS 

Submarines 10 

Two  of  the  Grat-^lass  battleships  are  those 
purchased  from  Chile. 

The  public  dockyards  in  Gr«Bt  Britain  an 
»(uated  as  foUows>- 
Purtimoulh.  —Six  docks  take  any  ship ;  three 
take  armored  cnlisen.  10.000  tons  and 

Devonport.— Two  docks  take  battleships; 

Keyham. — One   dock   takee   small  baltle- 

snips:  throe  smaller. 
Chitham.~8ii     docks     take     battleships 

ShemmWB. — Five  souu  dock*. 
Pembroke.— One  doek  takes  small  battle- 

Haulbowline.— Two  docks  lake  any  ship. 


y-fivc  ycsr<  of  ■««.  and  the  an 

'he  exeruli've  oBScent  of  the  Itali 
ide<Ia«foll.>w:<:— 1  a<lmirBl.7vi 
enr-wlmimK  58  CBiilains,  TO  o 


SCIENTIFIC    AlfBRICAN   RBFERENCE    BOOK. 


65 


Buxi/r. 

Battledkipe,  l8t  elaoB. 12 

ardclMB. 5 

ArmorBd  ctuimib. 5 

Protected  cruisnv,  2nd  clasM. 5 

ardcUafc 11 

Torpedo  veoeels. 14 

Torpedo-boat  destroyers. 11 

Torpedo  boate. 145 

Submarinee. 1 

BUILDING. 

Battleships,  1st  class 6 

Armored  cruisers. 1 

Submarines. 1 

PROnBCTXD. 

Battleships,  Ist  class 3 

Protected  cruisers,  3rd  class 1 

Torpedo-boat  destroyers. 2 

Torpedo  boats. 8 

Submarines. 1 

DOCKTARDB. 

The  Government  dockyards  of  Italy  are 
situated  as  fellows: — 

Spesia. — One  dock  takes  any  ship ;  one  takes 

all  Italian  ships;  four  smaller. 
Venice. — One    dock    takes    cruisers;    one 

smaller.     One  building  to  take  any  ship. 
Taranto. — One  dock  takes  any  ship. 


JAPAN. 

PKRBONNBU 

The  number  of  officers  and  men  available 
for  active  service  is  about  31.000.  There  is 
also  a  small  reserve  of  some  4,000. 

MATERIEL. 

The  strength  in  ships  built,  building,  and 
projected  on  Nov  30th,  1903,  less  loss,  was:  — 

BUILT. 

Battleships,  1st  class 6 

2nd  class. 1 

Coast  defence  ships 2 

Armored  cruisers. 8* 

Protected  cruisers,  2nd  class 10 

3rd  class 7 

Unprotected  cruisers 9 

Torpedo  vessels 1 

Torpedo-boat  destroyers 17 

Torpedo  boats. 63 

BUILDING. 

Protected  cruisers,  2nd  class 2 

3rd  class 1 

Torpedo-boat  destroyers. 2 

Torpedo  boats 18 

PROJECTED. 

Battleships.t  1st  class 4 

Arm<Med  cruisers. 6 

DOCKYARDS. 

The  Government  dockyards  in  Japan  are 
situated  as  follows:— 

Yokonuka. — One  dock  takes  any  ship;  two 

flnaller. 
Kure. — One  dock  takes  cruisers. 

*Includinc  two  ve8sds,eaeh  of  7700  ton» 
displacement  and  a  speed  of  20  knots,  pur- 
chased from  the  Argentine  Government  for 
$7,500,000  (Dec.  31st,  1903). 

t  llie    projected  vessels    have    not    been 


NETHERLANDS. 

Personnel. — The  total  of  officers  and  men 
enlisted  for  the  navy  reaches  11,000,  but  this 
figure  includes  the  marine  infantry.  The 
executive  officers  are  divided  as  follows:  1 
vice-admiral,  3  rear  admirals,  25  captains,  40 
commanders,  400  lieutenants  and  sub-lieu- 
tenants, and  200  midshipmen. 

Materiel. — The  strength  in  ships  built, 
building  and  projected  on  Nov.  30th,  1903, 
was: — 

BUILT. 

Battleships,  3rd  class 2 

Coast  defence  ships 19 

Unprotected  cruii«erB 11 

Torpedo  vessels 12 

Torpedo  boats 29 

building. 

Coast  defence  ships 2 

Torpedo  boats 5 

PROJECTED. 

Coast  defence  ships 3 

Torpedo  vessels 7 

Torpedo  boats 2 

Submarine  (to  be  purchased) 1 

Dockyards. — The  principal  dockyards  are 
situated  as  follows: 

Helder. — Two  docks  take  cruisers. 
Hellevoetsluis. — One     dock      takes     small 

battleships. 
Amsterdam. — Two     floating     docks     take 

cruisers. 
Rotterdam.— Three    floating    docks    take 

small  cruisers. 


NORWAY. 

Personnel. — The  personnel  numbers  about 
2.000,  of  which  1,000  are  permanent,  ami  the 
remainder  yearly  conscripts.  The  executive 
officers  are  divided  as  follows:  1  rear-admiral, 
4  captains.  14  commanders  28  lieutenant- 
commanders,  37  lieutenants,  30  sub-lieuten- 
ants. 

Materiel. — The  atronffth  in  ships  built  and 
building  on  Nov.  30th,  1903,  was: — 

built. 

Coast  <lefcnce  vessels 4 

Torpe<io  ve?»sel» 7 

Tori>edo  boats 20 

Bini.DINO. 

Coast  defence  vessel 1 

Torpe<io  boats 2 

Submarine 1 

« 

DocKYAKDS. — The  principal  dockyards  of 
Norway  are  situuteti  as  follows: — 

llorten.-  -One  dry  d«>ck  takes  <ma\l  battle- 
ships. 

Christiansand. — Ot\e  dry  dc«iV  Vvk.VfMk  svwaW 
battlcshi\)s. 
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PORTUGAL- 
PcBflOJrxELi. — The  number  of  men  in  the 
P'jrtuieuefle  Smxy  u  about  5.000,  and,  in  addi- 
tion, there  are  2  vioe-admiraL*,  5  rear-admirals. 
16  eaptaini*,  25  eommandeni,  25  lieutenant- 
eommandery,  80  lieutenants.  110  sub-lieu- 
tenantM.  Z7  mi«iAhiproen.  and  96  cadets.  The 
tme  for  retirement  of  a  vice-admiral  is  70 
ye»nt,  rear-admiral  66  years,  and  other  cheers 
64  yearn. 

Matcbiel. — The  streni^h  in  ships  built  and 
building  on  Nov.  30th.  1903.  was:— 

BCILT. 

Battleship 1 

Unprotected  cruisers 7 

Torpedo  vessels 14 

Torpedo  b^jats 11 

BUILDING. 

Torpedo  vessels 2 

DocKTARD. — There  are  four  small  docks  at 
Lisb<in. 


RUSSIA. 

PERSON. N  EL. 

There  are  2.900  officers  on  the  effective  li.st 
of  the  Russian  Navy,  and  the  number  of  men 
is  6T;516.  In  the  Reserve  there  are  about 
30.000  of  all  ranks. 

The  executive  officers  of  the  Russian  Navy 
are  divided  as  follows: — 1  commander-in- 
chief  (admiral-general),  14  admirals,  24  vice- 
admirals,  33  rear-admirals,  92  captains,  212 
commanders,  850  lieutenants,  400  midshipmen. 

MATERIEL. 

The  strength  of  the  RuHsian  Navy  in  ships 
built,  building  and  projected,  on  Nov.  30th, 
1903,  IftSH  losses,  was: — 

BUILT. 

Battleships,  1st  class 12 

2nd  claw 2 

3rd  class 1 

Coast  defence  ships 13 

Armore<l  crui.Hers 6 

Protected  cruisers,  Ist  class 2 

2nd  class 4 

3rd  class — 

T'nprot«cte<l  cruisers 3 

Tor|>edo  vessels 8 

T<)n)edo-b<)at  destroyers 40 

Tori>c<l<»  boats 150 

Submarines 0 

BIJILDINO. 

Battleships,  1st  class 6 

Arm(>re<i  cruisers. 0 

l*n»tcrte<l  cniif<ers,  1st  class 2 

2nd  class 2 

Torpeilo-bottt  destroyers 6 

TorjMxIo-boats 7 

Submarines 2 

l»HOJKCTKI>. 

ButtleshipM,  1st  elites 6 

Arin<»re<i  cruisers 3 

J*rntf*rtr<l  cruisers,  1st  clas.^ 2 


The  projected  battleships  are  the  Tchema, 
Evttafi.  and  loann  Zlatauti,  all  of  which  are  re- 
ported to  have  bem  laid  down  in  the  Blade 
Sea  yards ;  and  the  Imperaior  Pavd,  the  Andrri 
Perratvannui.  to  be  built  in  the  St.  Peten4>uiK 
yards.  Of  the  sixth  vessd  nothing  is  yet 
known,  nor  have  the  names  of  the  ann<Hed 
cruis»-s  transy)ired.  The  protected  cruisers 
are  to  be  of  the  Kafftd  type. 

[The  war  with  Japan  has  modified  all  figures 
of  present  strength.] 

DOCrKTAROS. 

The  principal  Russian  dockyards  are  situ- 
ated as  follows: — 

Kronstadt. — One  dock  takes  any  ship ;  three 

smaller. 
Libau. — Two  docks  take  any  ship. 
Se\'astopol. — ^Two  docks  take  any  ship. 


SPAIN. 
Personnel. — There  are  16.700  of  all  ranks 
in  the  Spanish  Navy,  and  9.000  marines.  .\11 
these  are  conscripts.  The  officers  are  divitled 
as  follows:  1  admiral,  4  vice-admirals.  11  rear- 
admirals.  22  captains,  47  commanders,  94 
lieutenant-commanders,  131  lieutenants,  340 
sub-lieutenants,  165  midshipmen,  and  100 
cadets. 

Materiel. — The  strength  in  ships  built  and 
building  on  Nov.  30th,  1903.  was: — 

built. 

Battleship 1 

Armored  cruisers 2 

Protected  cruisers 6 

Torpedo  vessels 17 

Torpedo-boat  destroyers. 4 

Torpedo  boats 10 

BUILDINQ. 

Armored  cruisers 2 

Protected  cruisers 2 

DocKTARDs. — The  principal  dockyards  are 
situated  as  follows: — 

Cadiz. — Three  docks  take  cruisers. 

Cartagena. — One  floating  dock  takes  large 
cruisers. 

Bilboa. — One  dock  takes  any  Spanish  ship: 
two  smaller. 

SWEDEN. 
Personnel. — The  personnel  of  the  Swedish 
Navy  in  1903  numbered  about  7,500  of  all 
ranks.  In  a<iditiun  there  are  about  20.000 
yearly  conscripts  a\'ailable,  but  the  majority 
of  these  are  seldom  called  upon.  The  officerfi 
are  divide<l  as  follows:  1  vioe-admiral.  4  rear- 
admirals,  f)  commodores,  24  captains.  64  com- 
manders, 55  lieutenants,  30  sub-lieutenants. 

Matkriel. — The  strength  of  ships  built  and 

building  on  Nov.  30th  was: — 

BI'ILT. 

Coast  dcfencij  vessels 10 

Torpedo  vensels 14 

Tori)e<lo-boat  destro>'er 1 

Torpedo  boats 28 
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Bt71U>INO. 

lip 1 

d  cruUier 1 

>  boats. 3 

•ine 1 

iRDS. — The   principal   duckyanln  in 
re  nituate<l  a«  followx: — 
ona. — Three  docks  take  any  Swedish 
three  smaller. 
>lin.— One  dock  takes  cruisers. 


TURKEY. 
tSKL. — There  are  31.000  officers  and 
le  Turkish  Navy  and  9.000  marines, 
rs  are  divided  as  follows:  2  admirals, 
nirals.  16  rear-admirals.  30  captains, 
manders,  300  lieutenant-command- 
eutenants,  200  sub-lieutenants. 

izjj. — The  strength  in  ships  built  and 
'or  the  Turkish  Navy  on  Nov.  30th, 

BUILT. 

hips — 

ea  cruiser 1 

o  vessels 6 

o-boat  destroyers 2 

D  boats. . .« 25 

rinea. 2 

BUILDING. 

ed  cruisers 5 

o-boat  destroyers 2 


UNITED  STATES. 

ADMINISTRATION. 

esident  of  the  United  States  is  ex- 
nmander-in-chief  of  the  Navy.  As 
tive  he  appoints  a  Secretary  of  the 

member  of  his  Cabinet,  on  a  four 
tn.     He  also  appoints  an  Assistant 

of  the  Navy,  and  these  two  political 
Nrho  are  usually  civilians,  exercise  a 
>ntrol  and  supervision  of  the  ten  de- 
s  or  bureaus  among  which  the  busi- 
i8tribute<i.  These  departments  are 
lar  to  those  in  the  British  Admiralty, 

are  almost  all  of  them  under  the 

of  naval  officers.  There  are  also 
»ards,  mostly  departmental,  who  ad- 
iT  the  Secretary  of  the  Navy  or  the 

the  bureaus   on   technical   point ». 


There  is  nothing  approximating  to  the  head- 
quarters staff  which  is  found  in  all  naval  ad- 
ministrations, based  on  the  precedent  of  the 
organisation  of  land  forces.  In  this  respect 
the  naval  administration  of  the  United  States 
and  Great  Britain  differ  from  almost  all  the 
rest.  With  regard  to  the  estimates,  the  chiefs 
of  the  various  bureaus  prepare  and  make 
annually  reports  which  are  published,  and  in 
these  reports  they  make  recommendations 
with  estimates  of  cost.  The  Secretary  of  the 
Navy  also  makes  an  annual  report,  summaris- 
ing the  reports  of  his  subordinates,  with  his 
own  recommendations,  which  are  submitted 
to  Congress  in  the  shape  of  Bills,  which,  being 
passed  by  the  House  of  Representatives  and 
the  Senate,  and  approved  by  the  President, 
become  law.  The  United  States  Navy  is 
manned  by  voluntary  enlistment. 

FINANCE. 

The  proposetl  estimates  for  1904-5  total 
$102,866,449,  those  for  1903-4  having  been 
$79,039,331.  It  is  proposed  to  devote  to  new 
construction  the  sum  of  $28,826,860. 

PERSONNEL. 

The  number  of  officers  and  men  on  the 
effective  list  of  the  United  States  Navy  is 
29,838,  inclusive  of  7,000  marines.  There  is 
a  reserve  in  course  of  formation,  but  it  is  not 
yet  in  working  order. 

The  executive  officers  of  the  United  States 
Navy  are  distributed  as  follows: — 1  admiral, 
1  vice-admiral,  21  rear-admirals,  73  captains, 
114  commanders,  172  lieutenant-commanders, 
350  lieutenants,  100  second-lieutenants,  130 
ensigns.  90  naval  cadets  at  sea. 

MATERIEL. 

The  strength  in  ships  of  the  United  States 
Navy  built,  buildtng  and  projected,  is  sepa- 
rately treated. 

DOCKYARDS. 

The  Ciovernment  dockyards  in  the  United 
States  are  situated  as  follows: — 

Brooklyn. — One  dock  takes  any  ship;  two 

smaller. 
Norfolk,  V'a. — One  dock  takes  any  ship;  one 

stualler. 
Marc  Island,  Cal. — One  dock  takes  any  ship. 
Bo.Mton,  Mass. — One  small  dock, 
league  Island,  Pa. — ( )ne  large  w«M)den  dock. 
Portsmouth,  N.  H. — ( )ne  small  dock. 

—llazelVa  Annual,  1904. 


THE  UNITED 

inuary  1,  1004,  there  was  upon 
ve  list  1  admiral,  27  rear  ad- 
80  captains,  120  commaudcrs. 
'Ut.-<!ommanders,  ,'J31  lieuton- 
i  lieutenants  (junior  grade », 
l^s,  101  midshipmen,  10  mod- 
'Ctors,  15  medical  inspectors.  8<) 
s,  35  passed  assistant  surjfoons, 
tant  surgeons.  14  pay  din»<tors, 
inspectors,  70  paymasters.  30 
tssistant  paymasters,  18  assist- 
masters,  23  chaplains,  I'J  pro- 


STATES  NAVY. 

!  fossors  of  mathematics,  1  secretary  to 
I  tiie  admiral.  20  naval  constructors.  30 
'  assistant  naval  constructors,  28  civil 
ciiginccr:^,  o  assistant  civil  engineers, 
12  chief  boatswains,  110  boatswains, 
12  chief  gunners,  100  gunners,  11 
chief  carpenters,  73  carpenters,  7  chief 
sailniakers.  l.')0  warrant  mai'hinists.  2.") 
idiarniaci^rs.  and  ir»  mates.  There 
wi'rc  also  <I40  midshipmen  on  proba- 
tion at  the  NavaV  XcuOloiw^-  «l\.  k\iw^\y- 
olis,  Md. 


< 
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REOri.ATIONS    GOVERNING   THE   ADMISSION   OF   CANDIDATES 
INTO  THE  NAVAL  ACADEMY  AS  MIDSHIPMEN. 


NOMINATION. 

'V\w  *<iU(li'iiis  y^i  ihi»  Naval  Academy 
two  styU'tl  Miiishipiiion.  Two  Mid- 
^^liipiiuM)  a  IV  :iIIi)\vih1  for  «*ai-li  Seuaror, 
lti'pjv<»M»taiivo.  and  IVlreait*  in  Con- 
mvss.  two  for  tljo  l>istri«'r  of  Colum- 
I'la.  and  !ivt»  farli  yoar  from  the  Tnited 
Siati's  ai  larjio.  Tho  appointments 
from  i\\v  I>is(ri<'T  of  i'olnmhia  and  tivc 
o;uh  year  at  larire  an'  made  by  the 
iMi'sidiMii.  <Mii'  Miil>hipman  U  nl- 
It'Wi'd  from  Porto  MWkk  who  mnst  he  a 
n:nive  nf  tliat  isl:ind.  The  appoint- 
uu'wi  iv  made  1»\  the  l'resi»lent.  on  the 
rr«  iiinmeiiitaii«M)  of  lhi>  (Jovernor  of 
I'orto  \\Uo.  The  Congressional  ap- 
poiiiriiKMiis  :ire  oipiitaMy  disirihuied. 
so  that  ill  rt*;:nlar  i»»nrsi»  raoh  Senator. 
Ki'proMMHative.  and  l»eK>j:J»te  in  i\)n- 
::i'rss  in:i\  iippojiii  one  Midshipman 
iiiu'iiiu  I'aih  I'tMun'ss.  After  June 
;to.  I!M:».  t'jhli  SiMiMtor.  K«'p«'''^'''»'n- 
ti\«\  and  l>elr^;it«'  in  Concress  will  he 
MJIitwcd  to  iippiMiit  lull  one  Midship- 
iii.-ni  iii«»iiMd  i»r  two.  The  ooiirsi'  for 
Mldsliipmrii  is  si\  M-ars  four  years 
:il  I  III*  Ai;hlrin\,  wlii'ii  til*'  <ii»'<'«MMlinK 
:ippoiiiinn-nt  is  mnde.  aini  twi»  yr:irs  at 
si'.-i.  :it  I  111"  I'Xpirjil  ii'ii  of  whi^h  time 
lli<>  (  XMiiiiiiMi  ion  fni*  lin:il  i;i'nduat  iiui 
tnkis  pl.iir.  Midshijmien  who  iniss 
till'  "\:iiiini.ii  iiMi  tor  liiiMl  graduation 
;iri-  iippninii'd  (n  ull  v;n  juuii  s  in  the 
Inwii-  i:i;n|t"^  »»t'  tli«'  l,in»'  of  thi'  Navy 
:iiiil  III"  I  III-  M.niiii*  (  \»i  p«i.  ill  tin*  t»rder 
i»f'  iiU':i(  ;i-.  ili'iriiiiiiiid  li\  llic  Ai'.'Uh'Ill- 
ii-   liii.inl  iif  liii'   N:i\;il    ViMih'MiN . 

"Tin-  Sii  ii-i.ii\  <»i  iin'  N:i\\  >:Iim11.  as 
s.MMi  .1:  |ii  .lit  ii;ilt|i-  .irii'i"  ilii'  lifth  d;iy 
111'  .M;iM  li  in  »;ii  li  v-.ir.  lU'iifv  in  writ- 
iiiL'  'Ti-li  S''ii;iliii-.  Ui'pr''>i-ii::il  ive.  Mild 
I  >i'|i".'.;i!i'  in  ( 'iilii'lfv-;  111'  ;|ii\  V;ii:m«\V 
wiii'li  lIl;l.^  III'  i'«"j;iiili"il  :is  i-xiNtiiii;  in 
ilic  Sijih-.  IM>:liiii.  i»i"  Ti'iriiiiiy  \\liii)< 
!ir  r»  piisiMil  •^.  Mini  till-  nnniiiiii  I  ii'ii  i»!'  :i 
iMiifliil.ili-  fii  1)11  sHili  \;i<:iiii\v  --h.lll  l>i' 
I !  1. 1  ill'  M  pi  111  till-  ri'<-iiiiiin'Miil:iMi>!i  lit'  tin 
Si'IimIii:.  II<'pri'-«iii  :i!  i\  •'.  >•!■  I  >i'I«'::;ilo. 
Sn<!i  i«-i  iinini'Mi«.';i  I  i<Mi  s|i;il|  In- ni;nl»' l>y 
till*  tii'sl  t|;iy  of  .linii-  of  lli.il  .Miir,  ;ind 
if  lint  so  ni;ii|i'  I  lit-  Si'«ri'i;iry  irt"  tli«» 
Niivy  sliiill  till  I  111-  v;i<:nii  >■  hy  llir  ;ip- 
iHiini  nii-ii!  of  an  ;ii'niiil  ri'siili'iit  of  iln' 
Si:Mi\  I>i:«iriii,  or  T«'!"riiory  in  wlii«li 
llio  v;i«;in«'y  «visis.  who  sinll  )i;iv»' 
hi'i'ii  for  .It  l»'.i-t  two  .\  i\iix  iiiinn-'li- 
iilily  pri'ii'ilin::  liis  nppnintnirnt  :in 
;iitn;il  In.n.'i  liiif  ri*siil«Mit  of  tin'  Stjit»\ 
hisiri.i.  Ill-  TiMTiiory  in  wlii»-h  tin* 
v:n  Miuy    txisls.    an<I    shall    havt*    tlu' 


,   qua  I  locations  otherwise  prescribed  br 
I   law." 

{Act  approved  March  4,  19<.»3.i 

Candidates  allowed  for  Cong^ression- 

I  al  Districts,  for  Territories,  and  for 
the  District  of  Columbia  must  be  ai-t- 

;  ual  residents  of  the  Districts  or  Ter- 
ritories, respectively,  from  which  th«»y 
an^  nominated. 

All  candidates  must,  at  the  time  of 

-  their  examination  for  admission,  li^ 
between  the  ages  of  sixteen  and  twenty 
years.  A  candidate  is  eligible  for  ap- 
ix)intment  on  the  day  he  becomes  six- 

I  teen,  and  is  ineligible  on  the  day  he 
l»ecomes  twenty  years  of  age. 

EXAMINATION. 

"All  candidates  for  admitt»ion  into  tkf 
Academy  tthall  be  examined  according 
to  such  regulations  and  at  such  statfd 
times  as  the  Secretary  of  the  Airy 
may  prescribe.  Candidates  rejected  at 
such  examination  shall  not  have  tin- 
privilege  of  another  examination  for 
admission  to  the  same  class  unh'Mg  rtr- 
ummended  by  the  Board  of  Examin- 
ersr     {Rev,  Stat,,  Sec,  ini.>.) 

When  any  candidate,  who  has  been 
nominated  upon  the  re(*ommendaiion 
'  of  a  Senator,  Member,  or  Delegate  nf 
the  House  of  Representatives,  is  fonnd, 
upon  examination,  to  be  physically  or 
mentally  distiualified  for  admission.  tli»^ 
Senator.  Member,  or  Delegate  shall  W 
notified  to  recommend  another  candi- 
ilati'.  who  shall  be  examined  atvordiu; 
to  the  provisions  of  the  prei^eding  aec- 
tioii. 

Beginning  with  the  year  nineteen 
liniidreil  and  four,  but  two  examina- 
tions for  admission  of  Midshipmen  to 
the  Af'adt'my  will  be  held  each  year,  a? 
folNiws : 

1.  The  first  examination  to  be  held 
on  iIm'  third  Tuesday  in  April,  under 
tlie  siiprrvision  of  the  Civil  Sen'ii>' 
Tom  mission,  nt  points  given  in  a  lii^t 
fiirni«<li»'<l  by  the  Bureau  of  Navlpa- 
lion.  Nnvy  Department,  Washington. 
I  >.  <\.  who  also  furnish  sample  exani- 
in.'iiion  p;ipors.  Candidates  are  exani- 
iiiiM]  nii>ntnlly  only  at  this  examination. 
All  I  hose  ipnilifying  mentally  who  are 
•  ntiij.il  i(»  appointment  in  order  of 
noinin.iiion  will  he  notifieil  by  the  Sw- 
pi-riiU'ridi'iit  of  the  Naval  Academy  to 
rt'pi.ri  :ii  iln^  Arademy  for  physical  ex- 
ninin.ition  on  or  about  June  10.  and  if 
\»UysiruUy  mialitiod  will  be  appointed. 
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iates  nominated  for  the  April 
:ion  may  be  examined  at 
ton,  D.  Cm  if  so  desired,  or  at 
he  places  in  any  State  named 
X)ve  schedule. 

trs  and  Representatives  are  re- 
wben  designating  their  nomi- 
give  the  place  at  which  it  is 
they  should  be  examined  if 
id  for  the  April  examination. 
i  second  and  last  examination 
held  at  Annapolis,  Md.,  only, 
bird  Tuesday  in  June,  under 
rvision  of  the  Superintendent 
Saval  Academy.  Candidates 
lined  mentally  at  this  examin- 
id  all  those  entitled  to  appoint- 
II  be  directed  to  report  for 
examination,  as  soon  as  prac- 
eit  the  Naval  Academy, 
lates  are  given  the  privilege  of 
;  for  examination  at  the  same 
b  the  principal, 
lamination  will  be  held  later 
!  third  Tuesday  in  June, 
irge  number  of  Midshipmen  to 
acted  and  drilled  makes  this 
essary,  and  it  is  to  the  great 
^e  of  'the  new  Midshipmen 
es.  The  summer  months  are 
in  preliminary  instruction  in 
inal  branches  and  drills,  such 
ing  boats  under  oars  and  sails, 
seamanship,  gunnery,  and 
drills.  These  practical  exer- 
•m  most  excellent  groundwork 
reparation    for    the  academic 

xamination  papers  used  in  all 
tions  are  prepared  at  the 
Lcademy  and  the  examination 
made  by  candidates,  finally 
ipon  by  the  officials  of  the 
ir. 

'  the  law,  candidates  failing  to 
entrance  examination  will  not 
red  another  examination  for 
in  to  the  same  class  unless 
inded  for  re-examination  by  the 
f  Examiners. 

yivil  Service  Commission  only 
I  the  examination  of  candidates 
ames  have  been  furnished  by 
f  Department.  It  is  requested 
correspondence  relative  to  the 
ion  and  examination  of  candi- 


dates be  addressed  to  the  Bureau  of 
Navigation,  Navy  Department. 

Nominations  for  examination  on  the 
third  Tuesday  in  April  should  be  for- 
warded to  the  Bureau  ten  days  prior 
to  the  date  of  examination,  as  that  is 
the  latest  date  on  which  arrangements 
can  l>e  made  for  the  examination. 

Candidates  will  be  required  to  enter 
the  Academy  immediately  after  passing 
the  prescribed  examination. 

No  leave  of  absence  will  he  granted 
to  Midshipmen  of  the  fourth  class. 

Candidates  will  be  examined  physic- 
ally at  the  Naval  Academy  by  a  board 
composed  of  three  medical  officers  of 
the  Navy. 

Attention  will  also  be  paid  to  the 
stature  of  the  candidate,  and  no  one 
manifestly  under  size  for  his  age  will 
be  received  at  the  Academy.  In  the 
case  of  doubt  about  the  physical  con- 
dition of  the  candidate,  any  marked 
deviation  from  the  usual  standard  of 
height  or  weight  will  add  materially 
to  the  consideration  for  rejection.  The 
height  of  candidates  for  admission 
shall  not  be  less  than  5  feet  2  inches 
between  the  ages  of  10  and  18  years, 
and  not  less  than  5  feet  4  inches  be- 
tween the  ages  of  18  and  20  years. 

Candidates  will  be  examined  men- 
tally in  punctuation,  spelling,  arith- 
metic, geography,  English  grammar. 
United  States  history,  world's  history, 
algebra  through  quadratic  equations, 
and  plane  geometry  (five  books  of 
Chauvenet's  Geometry,  or  an  equiva- 
lent). Deficiency  in  any  one  of  these 
subjects  may  be  sufficient  to  insure  the 
rejection  of  the  candidate. 

ADMISSION. 

Candidates  who  pass  the  physical 
and  mental  examinations  will  receive 
appointments  as  Midshipmen,  and  be- 
come students  of  the  Academy.  Each 
Midshipman  will  be  required  to  sign 
articles  by  which  he  binds  himself  to 
serve  in  the  T'nited  States  Navy  eight 
years  (including  his  time  of  probation 
nt  the  Naval  Academy),  unless  sooner 
discharged. 

The  pay  of  a  Midshiiiman  is  $5(K)  a 
year,  commencing  at  the  date  of  his 
admission. 


raisers  are  the  light  cavalry  of 
.  As  their  name  implies,  their 
to  cruise  the  seas,  keeping  in 
ith  the  enemy*s  fleets  and  act- 
he  "eyes"  of  the  line-of-battle 
rbej  are  /iIbo  Iptended  for  the 


double  duty  of  attacking  an  enemy's 
commerce  and  defending  that  of  the 
country  whose  flag  they  carry.  Fleets 
of  merchant  vessels  or  of  transport 
ships  will  be  "ooiwo'ijeA^'  >a^'  tx\3\^'Ct% 
from  port  to  port. 
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LIST  OF  SHIPS  OF  THE  UNITED  STATES  NAVY. 
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UNDER  CONSTRUCTION. 


Name. 


Connecticut. 

Kansas 

Louisiana..  . 


Minnesota. 
Vermont. . 


Georgia.  . . 
Nebraska. . 
New  Jersey. 


Rhode  Island. 
Virginia 


Idaho 

Mississippi. 
Ohio 


Tennessee 

Washington. .  . . 

California 

Pennsylvania.  .  . 
West  Virginia .  . 

Colorado 

Maryland 

South  Dakota.  . 


Dis- 
place- 
ment 
(tons). 

16,000 

16.000 

16,000 

16,000 


.do. 
16.000!..  do. 


Type. 


1st  class 
battleship 
.  .do.  .  . 

.  .do.  .  . 


15.000 
15.000 
15.000 

14.600 
14,600 

13.000 
13.000 
12,500 

14.500 


.do.  . 
•  do.  . 
.do.  . 

.do.  . 
.do.  . 

.do.  . 
.do.  . 
.do.  . 


Armored 
I   cruiser. 
14,500  .  .do 


14,000 
14.000 


do. .  . 


Armored 
I   cruiser. 
14.000' .  .do.  .  .  . 


Hull.    I.H.P. 


Pro- 
pul- 
sion. 


Guns 
(main 
bat- 
tery). 


13.600 
.3,600 
13.600 


,do. 

,do. 

do. 


Charleston ]    9.600  Protected 

cruiser,    j 


Milwaukee. 


St.  Louis.  .  .  . 
Chattanooga. 

Denver 

Des  Moines.  . 


Galveston. 
Tacoma.  . . 


Dubuque. 


Paducah 

Gunboat  No.  16 
Cumberland.  .  .  . 


Intrepid. 
Boxer.  .  . 


Stringham     (No. 

19) 
Goldsborough 

(No.  20) 

NicholHon 

(No.  30) 
O'Brien  (No.  31] 
Blakely  (No.  28] 


9,600'.  .do. 

9.600  .  .do.  .  .  . 
3.100  .  .do.  .  .  . 
3,100  .  .do..  .  . 
3,100  .  .do.  M.  . 

3.100  .  .do 

3.100,.  .do 

1.085  Gunboat 


1.085  .  .do 

.  .  do 

1.800  Training 
ship 

1,800;.   do 

345  Training 

brigantine 
3  40  Torpedo 

'     boat 
247*  .  .do 

174  .  .do 

174  .  .do 

1  Ct5  .  .  do 


Jtotoyomo  (No.9) 


225  .    d 


<lo. 


S. 

8. 

8. 

S. 
S. 

S.W. 
S.W. 
S.W. 

8. 
8. 

8. 
8. 
8. 

8. 

8. 
S.W. 
S.W. 
S.W. 

s. 
s. 
s. 
s. 

8. 

S. 
S.W. 
S.W. 
S.W. 

S.W. 
S.W. 

S.W. 

S.W. 

8. 

s. 

8. 

w. 

8. 

8. 

8. 

S. 
S. 

S. 


16,500 

16,500 

16.500 

16.500 
16,500 

18,000 
18.000 
18.000 

18.000 
18.000 

10.000 
10.000 
16,000 


T.S. 

T.S. 

T.S. 

T.S. 
T.S. 

TS. 
T.S. 
T.S. 

T.S. 
T.S. 

T.S. 
T.S. 


25.000 
25,000 

!  23.000 

I 

!  23.0(X) 

23,000 

23.000 

23.000 

23.000 

21.000 


T.S. 
T.S. 
T.S. 
T.S. 
TS. 
T.S. 
T.S. 
TS. 
TS. 
T.S. 


21.000  T.S. 


21,000 
1  4.700 
1  4,700 
;    4.700 

•    4.700 


T.S. 
T.S. 
T.S. 
T.S. 

T.S. 


4.700  T.  8 

I 
1.050  T.S 


1,050  T.S. 
.  .       T.  8. 


7,200 
6,000 


T.S. 
T.S. 


3,500  T.  8. 

3.r>00  T.  S. 
3,(KH)  T.  8. 

4.50    S. 


24 

24 

24 

24 
24 

24 
24 
24 

24 
24 

22 
22 
20 

20 

20 

22 

22 

22 

22 

22 

22 

14 

14 

14 
10 
10 
10 

10 
10 

6 
6 

'o 

6 

♦2 

♦2 

♦3 

♦3 
*3 


Place  where  building. 


^ojjfefJo  tulyes. 


Navy  Yard,  New  York. 

New  York   Ship   Building  Co.. 
Camden,  N.  J. 

Newport  News  Ship  Building  and 
Dry  Dock  Co..  N'p't  News,Va. 
Do. 

Fore  River  8.  &  E.  Co.,  Quiney, 
Maf'S. 

Bath  Iron  Works.  Bath.  Me. 

Moran  Bros.  Co.,  Seattle.  Wash. 

Fore  River  8.  &,  K.  Co.,  Quiney. 
Mass. 
Do. 

Newport  News  Ship  Building  and 
Dry  Dock  Co..  N'p't  News.Va. 

Contract  not  yet  awarded. 
Do. 

Union  Iron  Works.  San  Francis- 
co, Cal. 

Wm.  Cramp  k.  Sons,  Philadel- 
phia, Pa. 

New    York   Ship  Building  Co.. 
Camden,  N.  J. 

Union  Iron  Works,  San  Franc ii»- 
co,  Cal. 

Wm.  Cramp  k.  Sons.  Philadel- 
phia. Pa. 

Newport  News  Ship  Building  and 
Dry  Dock  Co.,  N'p't  New.t.Va. 

|Wm.  CYamp  &  Sons,  Philadel- 
phia, Pa. 

Newport  News  Ship  Building  and 
Dry  Dock  Co.,  N'p't  News.Va. 

Union  Iron  Works,  San  Francis- 
co, Cal. 

Newport  News  Ship  Building  and 
Dry  Dock  Co.,  N'p't  News,Va. 

Union  Iron  Works,  San  Francis 
CO,  Cal. 

Neafie  &  Levy,  Philadelphia,Pa. 

Navy  Yard,  New  York. 

Neafie&  Levy,  Philadelphia,  Pa. 

Fore  River  8.  A.  E.  Co.,  Quiney, 

I     Mass. 

Navy  Yard,  Norfolk. 

Union  Iron  Works,  San  FYaneis- 
co.  Cal. 

Gas  Engine  and  Power  Go.,  and 
Chas.  L.  Seabuury  A  Co.,  eon- 
»olidated.MorrisHei^t8,N.Y. 
Do. 

Contract  not  yet  awarded. 

Navy  Yard,  Boston,  Mass. 

Navy  Yard,  Mare  Island,  Old. 
Navy  Yard,  Portsmouth,  N.  H. 

Navy  Yard,  Leecue  Idand. 

Navy  Yard,  Puget  Sound. 

I 
Navy  Yard,  New  York. 

Do. 
Geo.  Lawley  &  Sons,  South  Bos- 
ton, Mojis. 
Navy  Yard,  Mare  Island,  Cal.  _ 
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SUMMARY  OF  VESSELS  IN  THE  UNITED  STATES  NAVY. 
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THE   TORPEDO    BOAT    IN    MODERN   WARFARE. 


The  Russo-Japanese  war  has  proved 
the  wisdom  «of  building  torpedo  boat 
destroyers  of  the  dimensions  and  pow- 
er that  characterize  the  latest  models. 
With  their  length  of  220  feet,  beam  of 
over  20  feet  and  draft  of  between  9 
and  10  feet,  giving  a  displacement  of 
between  300  and  400  tons,  the  mod- 
em destroyer  is  a  very  serviceable  sea 
boat,  which  was  more  than  could  be 
said  for  the  torpedo  boat  of  an  earlier 
decade.  Tlie  high  freeboard  and  the 
provision  of  a  raised  turtle-back  for- 
ward, render  these  boats  able  to  main- 
tain their  high  speed  in  fairly  rough 
water,  and  in  the  present  operations 
the  flotillas  of  Japanese  destroyers 
seem  to  have  been  perfectly  well  able 
to  keep  the  sea  in  all  weather.  Evi- 
dently the  lessons  taught  by  the  dis- 
asters that  happened  to  some  of  the 
high-powered  British  torpedo  boat  de- 
stroyers, when  they  were  badly 
wrenched»  and  in  one  case  actually  bro- 
ken in  two  in  a  heavy  seaway,  have 
been  laid  to  heart,  and  the  Japanese 
destroyers  which  did  such  good  work 
around  Port  Arthur  are  evidently  sea- 
worthy vessels. 

A  surprising  feature  of  torpedo  boat 
service  in  the  Far  Eastern  struggle  is 


the  wide  range  of  duties  which  were 
assigned  to  the  destroyers.  Scouting 
work  which  ordinarily  would  be  given 
to  cruisers  from  3,000  to  6,000  tons 
displacement  was  satisfactorily  car- 
ried out  by  these  little  400-ton  craft. 

By  reference  to  the  section  dia- 
gram on  page  77  the  reader  can  obtain 
a  very  complete  idea  of  a  torpedo  boat 
interior.  Forward  m  the  bow  is  a 
collision  compartment  formed  by  a 
bulkhead  located  several  feet  from  the 
bow.  Aft  of  that  is  the  chain  locker, 
and  then  the  torpedoes,  of  which  half 
a  dozen  are  carried  on  a  vessel  of  this 
character.  Since  the  torpedo  boat  car- 
ries no  ar^or  whatever,  the  torpedoes, 
the  war-heads,  and  the  magazines  are 
placed  below  the  water-line,  where  they 
are  safe  from  any  except  a  plunging 
shot.  The  torpedoes  are  stowed  with 
their  war-heads  containing  the  guncot- 
ton  charge  unscrewed,  the  latter  being 
stowed  separately,  as  shown  in  the  en- 
graving. Aft  of  the  war-heads  is  the 
forward  magazine  and  a  compartment 
given  up  to  the  general  ship  s  stores. 
On  the  deck  above  are  the  quarters 
for  the  crew,  which  will  number  be- 
tween fifty  and  sixty  men  in  the  larger 
boats. 


THE   MODERN   TORPEDO. 


Commenting  during  the  late  Spanish 
war  upon  the  efficiency  of  the  torpedo, 
we  said :  "Although  torpedo  warfare 
has  not  yet  achieved  results  at  all  pro- 
portionate to  the  amount  of  thought 
and  skill  that  have  been  devoted  to 
it,  the  failure  has  probably  been  due 
more  to  a  lack  of  opportunity  or  of 
efficient  handling  than  to  any  defi- 
ciency in  the  torpedo  itself."  The 
startling  events  that  marked  the  open- 
ing of  the  Uusso- Japan  war  have  es- 
tablished the  truth  of  that  statement, 
for  in  the  hands  of  an  alert,  intelligent 
and  daring  people,  this  deadly  weapon, 
in  the  first  half  hour  of  hostilities,  so 
badly  crippled  two  of  the  finest  battle- 
ships and  one  of  the  bost  cruisers  of 
the  Hussian  navy  that  they  had  to  be 
beached,  and  a  blow  was  struck  at  tlu> 
naval  prestige  of  Russia  from  which 
that  country  will  take  many  years  to 
recover.  At  the  same  timo,  the  Port 
Arthur  torpedo  atta<-k  must  bo  judged 
at  its  true  value:  and.  therefore,  wo 
must  not  loso  si^lit  of  tho  fact  that 
information  is  finding  its  way  to  tho 
public  onr  n'liirh  m/ikes  it  pretty  evi- 
fent  that  the  Russian  ships  were  not 
^king  for,   and  were  totally   unpre- 


pared to  receive,  a  torpedo  attack.  If 
this  is  the  case,  what  has  been  proved 
is  that  if  the  torpedo  boat  can  get  un- 
molested within  easy  range,  the  tor- 
pedo is  fairly  sure  of  its  mark — and 
this  we  all  knew  well  enough  before 
the  war  began. 

The  Whitehead  torpedo  is  undergo- 
ing constant  development,  the  latest 
improvement  being  the  introduction  of 
the  gyroscope  for  the  purpose  of  keep- 
ing the  torpedo  more  accurately  upon 
its  true  course.  The  latest  patterns 
include  this  device  and  are  generally 
of  larger  diameter  and  greater  length 
than  the  earlier  tyi)es. 

We  show  on  the  preceding  page  an 
illustration  of  a  Schwartzkopff  tor- 
pedo, which  is  the  type  uaed  in  the 
Russian  navy.  It  is  merely  a  modifica- 
tion of  tho  Whitehead  and  operates 
ui)on  the  same  principles. 

The  tori)e<lo  here  shown  consists  of 
a  cigar-shapod  body  of  phosphor-bronze 
or  steel,  dividod  into  six  separate 
compartmeiits  as  follows:  (1)  The 
magazine,  (2)  the  secret  chamber,  (3) 
t\\e  re^evvovr,  (A\  the  engine  compart- 
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The  magazine  contains  the  explosive 
charge,  which  consists  of  a  series  of 
disks  of  wet  guncotton  packed  snugly 
together.  The  cartridge  primer,  fc,  for 
exploding  the  charge,  consists  of  sev- 
eral cylinders  of  dry  guncotton  packed 
in  a  tube  which  passes  through  i)er- 
forations  in  the  guncotton  disks,  /. 
The  foremost  of  the  six  cylinders  con- 
tains a  detonating  primer  consisting  of 
fulminate  of  mercury.  The  small  pro- 
peller at  the  extreme  point  of  the  tor- 
pedo is  part  of  an  ingenious  safety  de- 
vice for  preventing  premature  explo- 
sion in  handling.  When  not  in  use. 
the  firing  pin  is  held  in  check  by  a 
sleeve ;  but  as  soon  as  the  torpedo 
strikes  the  water  the  rotation  of  the 
little  propellers  releases  the  sleeve  and 
leaves  the  firing  pin  ready  to  strike  the 
detonating  primer  the  moment  the  tor- 
pedo meets  an  obstruction. 

The  "secret  chamber"  is  the  most 
ingenious  part  of  this  most  ingenious 
piece  of  mechanism.  Its  piston,  pen- 
dulum and  springs  i)erform  the  impor- 
tant work  of  regulating  the  horizontal 
rudders  which  keep  the  tori)edo  at  the 
proper  depth.  Immediately  in  front  of 
the  secret  chamber  is  a  narrow  com- 
partment perforated  on  its  walls  to 
allow  the  outside  water  to  enter.  The 
front  wall  of  the  secret  chamber  car- 
ries a  piston,  a,  which  can  move  in  the 
direction  of  the  axis  of  the  torpedo. 
The  pressure  of  the  water  is  resistwl 
by  three  coiled  springs,  as  .shown  in 
the  longitudinal  section.  At  a  certain 
predetermined  depth,  according  to  the 
tension  on  the  springs,  the  springs  and 
water  pressure  will  be  in  e<iuilibrium ; 
below  that  depth  the  piston  will  bo 
driven  in  by  the  water  pressure,  and 
above  it  the  springs  will  push  forward 
the  piston.  To  prevent  too  sudden  os- 
cillation in  this  action,  the  piston  is 
connected  to  the  rod.  c,  of  a  swinging 
pendulum,  d.  The  motion  of  the  pis- 
ton is  communicated  by  rods,  which 
pass  through  the  hollow  stay  rods  of 
the  air  chamber  to  the  horizontal  or 
diving  rudders.  If  the  torpedo  go(*s  too 
deep  the  piston  moves  back,  the  pendu- 
lum swings  forward  and  the  rudders 
are  elevated,  the  reverse  movements 
taking  place  if  the  immersion  is  not 
sufficient*.     When  a  torpedo  dives  into 


the  water,  the  first  part  of  its  run  is 
made  on  a  wave  line  which  crosses  and 
recrosses  the  desired  and  ultimate  level 
of  immersion,  the  piston  and  the  pen- 
dulum gradually  bringing  the  torpedo 
to  a  true  course.  The  reservoir  forms 
the  central  body  of  the  "fish."  It  is 
made  of  forged  cast  steel  and  is  tested 
up  to  seventy  atmospheres.  A  tuyere 
at  its  after  end  fee<ls  the  air  to  the 
engine.  The  torpedo  is  driven  by  a 
three-cylinder  engine,  with  cylinders 
V20  deg.  apart,  acting  on  a  common 
crank.  The  engine  is  started  by  means 
of  a  valve  which  is  opened  by  a  lever 
striking  a  projecting  lug  on  the  launch- 
ing tube,  when  the  torpedo  is  fired. 

The  buoyancy  chamber  is  an  air- 
tight compartment,  the  purpose  of 
which  is  to  afford  the  proper  buoyancy 
to  the  torpedo ;  it  carries  a  piece  of 
load  ballast,  by  shifting  which  the  trim 
can  be  controlled.  The  two  tubes,  / 
and  ff,  carry  the  connecting  rods  for 
controlling  the  horizontal  diving  rud- 
ders. 

Next  comes  the  bevel-gear  chamber, 
where  is  located  the  gear,  /,  for  caus- 
ing the  propellers,  w,  to  rotate  in  op- 
posite directions.  The  after  propeller 
is  keyed  to  the  main  shaft :  the  forward 
propeller  is  keyed  to  a  sleeve  which 
rotates  freely  upon  the  main  shaft,  and 
the  motion  is  reversed  by  means  of  two 
bevel-wheel  geai*s  which  turn  on  a 
spindle  at  right  angles  to  the  main 
shaft.  The  "tail"  <"onsist8  of  a  stock 
with  vertical  vanes,  which  act  as  the 
vertical  rudder,  and  two  frames  which 
carry  the  horizontal  rudders. 

The  torpedo  is  fired  from  a  launch- 
ing tube  by  the  explosion  of  a  small 
charge  of  gunpowder  behind  it.  This 
compresses  the  air  which  surrounds 
the  rear  half  oF  the  torpedo  and  thrusts 
it  out  of  the  tube  without  any  serious 
jar. 

The  range  and  speed  of  the  torpedoes 
vary  with  the  size.  The  weapon  here 
shown  is  14  inches  in  diameter,  15  feet 
in  length,  carries  IK)  pounds  of  guncot- 
ton and  has  a  speed  of  28  knots  for  a 
range  of  S(H)  yards.  The  18-inch 
Whitehead  torpedo  is  !♦>  feet  7'^ 
inches  in  length,  <-arries  a  charge  of 
220  pounds  of  guncotton  and  has  a 
speed  of  .'»1  knots  for  1,000  yards. 
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INTERIOR   OF   A   BATTLESHIP. 


Tbe  story  of  tlie  complicaled  char- 
acter of  th«  iDterior  of  a  modern  bat- 
tleship Is  one  that  tM  grown  some- 
wfaat  itale  in  the  tHIins.  and  it  is  not 
tbe  fnnit  of  Ihe  magaiine  writer  and 


pii 


... <t  satia&ed  that  a  great  battleshii 

or  crniaer  is  rompticated   befond   thi 
power  of  words  to  express. 

Id  saying  that  the  battleship  [s  com 
plicated  we  must  be  careful  to  rpmera 
ber  that  compliestion  does  not  ._..,. 
confuBion  :  and  that  in  all  (be  pracl 


vessel,  but  will  leave  it  to  tbe  diaKram 
to  telt  its  own  slorj. 

Tbe  drawing  is  what  is  known  as  an 
inboard  profile;  that  is  to  sar,  it  is  a 
vertical,  central.  loDgitudioal  section 
through  the  whole  length  of  tbe  abip. 
The  huge  structure  of  which  we  thus 
obtain  an  interior  riew.  is  a  little  un- 
iTer  450  feel  in  length  from  the  extreme 
tip  of  the  ram  to  the  end  of  the  rud- 
der. The  foundotion  of  the  whole  is 
the  keel,  which  is  nothing  more  nor 
less  rhnn  a  deep  plate  girder.  3  feet  <i 
ini'hes  in  depth,  ellendiug  From  the  in- 


SECTION  OF 


12,  Blower  nxm,. 


mines.  in.  Crew's  gallpy. 

cable  acbicTements  of  engineering,  it 
would  be  difficult,  if  not  impossible,  to 
find  a  structure  which,  in  spite  of  tbe  | 
many  parts  of  which  it  is  made  up  , 
and  the  enormouK  ele.liorntion  of  detail 
that  it  manifests,  is  reall.v  so  harmo- 
niously pro|K»rtioncd,  or  is  better  fittPd 
to  the  ends  for  which  it  was  designed. 
There  arc  some  subjects  of  which  an 
illustration  will  tell  niori'  in  five  niin- 


n  hour;  and  ii 


r  pi'i 


urine 


anj-  e/nlwrate  dcfcrijili 


board  end  of  the  n  .   ._   ._   .... 

rudder  pout.  Ili<iecting  it  at  every  3 
feet  of  its  length  occurs  one  of  the 
plate  girder  frames  or  ribs,  which  ex- 
tend athwartship.  and  run  up  to  the 
under  etine  of  the  nrmor  ^etf,  whera 
Ihey  arp  rcduc-<'d  [o  a  depth  of  say  from 
18  10  12  inches,  the  frames  extend- 
ing up  the  sides  of  tbe  ship  to  tbe 
iHvel  of  tb^'upper  deck.  On  the  ont- 
siile  of  tliese  frames  is  riveted  the 
imhT  iiliitinj;  of  rhe  sbip.  and  upon  the 
inside  of  llie  fnimes.  pxlending  as  high 
np  as  llic  iiiidnr  side  of  the  water-line 
lielt.  sny  4  or  .'.  tePt  below  the  water- 
line,  is  tiw'teil  an  inner  shell  of  plat- 
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Idk-  The  space  between  tbe  outer  and 
imier  plating  U  d[vided  up  bf  the 
frames  into  transverse  water-tight 
chambers  3  feet  in  width,  and  every 
one  of  these  spaces  is  subdivided  by 
•even  or  eight  loDgitudinsl  plate  gird- 
ers which  are  built  into  (he  double 
bottom,  as  it  is  called,  parallel  with 
the  keel  and  extending,  most  of  them. 
the  entire  length  from  stem  to  stern. 
Consequently  it  will  be  seen  that  the 
space  between  tbe  outer  and  inner 
sbellB  of  tbe  ship's  bottom  is  divided 
into  an  innumerable  number  of  sep- 
arate compartmenis.  measuring  3  feet 
in  depth  b;  4  feet  in  length  by  about 


entrance  of  the  fragments  of  heavy, 
hjgb-eiptosive  sheila,  bursting  within 
tbe  ship  above  tbe  water-lioe.  a  steel 
deolt.  2  to  3  inrbes  in  thicknesB,  known 
as  the  protective  deck,  extends  at 
about  tbe  level  of  the  water-line  over 
the  whole  of  the  vitals,  and  is  con- 
tinued in  a  gently  curving  slope  to  the 
ram  forward  and  to  the  stem  aft.  In 
the  vessel  here  shown  this  steel  deck 

'    is   1 1^  inches  ehick  on  tbe  flat  and  3 

:    inrhpa  thick  on  the  slopes. 

Xow,  the  spsce  below  the  protective 

I   deck  is  divided  up  by  a  large  number 
of    transverse,    water-tight    bulkheads 

I   of  steel  plating,   there  being  nineteen 


tS    BATTLESHIP. 


W.  (jwwrml  workshop, 

29.  Wamnt  oSeen'  uaotry. 

30.  Wurut    ofBcan'    itinit 

32!  MSiUi^^rnvt. 


as.  Admiral's  i-lfirr. 


iSi^r^.fte'J^ia. 


r>   feet   in   width.     The   plat<-s  nre   3<- 
curel.v  riveted  together.  , 

Above  the  inner  floor  or  platform  the 
central  portion  of  tbe  vessel   is  inken   ■ 
up  by  tbe  magazines,  boiler  rooms  niid 
engine  rooms.     llieBe  because  of  their   ' 
vast    importance,    are    known    as    the 
ship's  vitsls.  and  great  care  is  In  ken 
to  provide  them  agaiuHt  the  entniiu'e   . 
of  heavy  projectiles  of  th$  enemy,  and. 
as  far  as  may  t)e.  against  thn  adHck   I 
of  the  still  more  deodty  torpedn.     TIip   . 
engines  and  boilers  are  so  pmiiortioneil 
as  to  height   that  fhey  do  not  exicnd 
above  the  water-line;   and   to   tiroti><'t 
ttieni  from  plaaging  shot,  or  from  the 


of  these  Inilkheads  altogether.  Thev 
uxteiid  from  the  inner  shell  of  the 
vessel  to  the  under  aide  of  the  protec- 
tive de<'k,  'l"hey  are  riveted  pertettly 
ttiKer- tight,  coiutnunicatioii  from  com- 
IHirrnient  to  cooiimrluient  being  by  wa- 
ter-tight doors.  Forward  in  the  bow 
lire  the  trimming  tanks,  used  to  assist 
in  bringing  the  vessel  to  an  even  keel. 
'Hien  abaft  of  the  collision  bulkhead 
lire  bread  and  dry  provision  stores,  and 
ibK  eonstnution  stores.  In  the  next 
loinparlnieiii.  wliicb  is  divided  in: 
Ilir..e  dtiks,  n-e  have  on  the  RoOH 
the  ship  n  BtiircciKim  fw  t(iT\^*te^l 
sulimnriue  nivvie*.  pvi;.      \\Kit%  " 


liiTAN  RRi-i:Ri:Nric  hook. 


CbHTl 


.   16.000  IM     I 

baltli 
.   16.000  ..do. 

.   18.000.  .dn. 


Sthmki.'.'.'.'.. 
New  Jerwy.  . . . 

Rhode  laUnd, , 


Waihiivton. .  . . 
C^foniw. 

Weat  Viciinia. . 

Colorado 

Uurliuid. ..... 

Sinjlb  Dsk<iU. . 


14,000  A 

l4.00o|.' 
13.600  . 

-.3.600  .. 
I3.6C0 


B,60n  . . 

I    3,1(10  .  . 

3,100  . 


16,500 

le.soo 


18.000 
IS.OOtl 

O.ODO 

o.two 

25.000 

25.000 

■-  23.000 

'.  23.000 

'.  23,0" 


3. 100.. do.,. 

3.100  ..do... 


Imat'NiVlti'.l 
bcrlBuil.  ...      I 


165., d.>... 

S.,1.,y™.,  (NilO) 

aa-.  ..d..... 

•Tr-tlfll"  tUlf' 

7.20U  T.  S 
0,000' T.  S 


Na%-r  Yiird.  New  Yoi 
New  York  Sliip    Bu 


dAfd 


8hii>  Bulldio 
I.,  N'j.'l  Nob 


But h  Iron  Works.  Bslh,  Me. 
"       n  Bran.  Co..  Suttle.  Wmh. 
Ki\-er  S.  &  i:.  Co.,  Quincy, 


t'nion  Iron  Workii,  Ssn  Vr 

a,  ai. 

1.  Crsmp  A  SoEii.  Phi 
..hi«.  P.. 
New    York   Ship  Buildini 


Wm.  Cramp  A  Soiu.  Pbilulfl- 

DiiU.r>. 

Newport  Nen  BhipBuildinKand 

Dry  Do(il[Cl>..N'p't  NewK.Va 

Wm.  CYkmp  *  Song.  Philailel- 

Ne1>^rtNfwBfihipBuildin«ui.l 
Dry  UDBK  Co..  N'p'l  Nfw>.V> 

llnion  Iron  Works,  Son  Frucu- 
oo.Cal. 

Newpott  New*  Sbip  Buildins  ■«•< 
Dry  Dock  Co..  N'p't  New>,Va. 

I'niun  IronWaricii.iBMiFtuneM- 
I     CO,  Col. 

Nei^e  A  Uny.  FbilBdelphiii.P>. 

NmvyYsnI.  New  York. 

•lettfie  *  Lm-y,  PbilsMphu.  Pa. 
are  Kii-er  S.  &  E.  Co..  Quiney. 


Engine  and  Power  Co.,  anil 
\ait.  L,  Sesbury  A  Co.,  nm- 

ilidale().Mom»IIei£hu,N.¥. 

Cjjn  tract  not  yel  nwuiled. 
Navy  Yard,  BoatoD,  Krnm.    ' 

Ixavy  Ysid.  1A»n  Idod,  OA. 
Navy  Yard.  PorUmuMk,  N.  H. 

iNavy  Yard.  Leacm  UumL 

Navy  Yard,  Pucat  Somtd. 


ico,  I.awley  A  Sou.  South  B»- 

lun.  Man. 
invy  Yard.  Maw  Iriand.  C»l. 
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UNDER  CONSTRUCTION. 

Dis- 

Pro- 

Guns 

^- 

Name. 

place- 
ment 
(tons). 

16,000 

Type. 

Hull. 

I.H.P. 

A    I  \J^ 

pul- 
sion. 

T.S. 

(main 
bat- 
tery). 

Place  where  building. 

r  . 
•   — 

Connecticut 

1st     class 

S. 

16,500 

24 

Navy  Yard.  New  York. 

;- 

battleship 

: 

Kansas 

16,000 

. .  do 

8. 

16.500 

T.S, 

24 

New  York  Ship    Building  Ca.     ^ 

Camden,  N.  J. 
Newport  News  Shin  Building  and 
Dry  Dock  Co.,  N'p't  News,Va. 
Do. 

Louisiana 

16,000  .  .do 

8. 

16.500 

T.S. 

24 

Minnesota 

16,000 

.  .  do 

S. 

16.500 

T.S. 

24 

Vermont 

16,000  .  .do 

S. 

16,500 

T.S. 

24 

Fore  River  8.  A,  E.  Co..  Quiney,     : 

B£a.«^«. 

Georgia 

15.000 

.  .do 

8.W. 

18,000 

T.S. 

24 

Bath  Iron  Works.  Bath,  Me. 

Nebraska 

15.000 

. .  do 

8.W. 

18.000 

T.S. 

24 

Moran  Bros.  Co.,  Seattle.  Wash. 

New  Jersey 

15.000 

.  .  do 

s.w. 

18.000 

T.S. 

24 

Fore  River  8.  A  E.  Co.,  Quiney, 
Mass. 

Rhode  Island.  .  . 

14,600 

. .  do 

8. 

18.000 

T.S. 

24 

Do. 

Virginia 

14.600 

.  .  do 

S. 

18.000 

T.S. 

24 

Newport  News  Ship  Building  and    i- 
Dry  Dock  Co..  N'p't  New8,Va.    1. 

Idaho 

13.000- .  .do 

S. 

10.000 

T.S. 

22 

Contract  not  yet  awarded.               V. 

Mississippi 

^  ^^^f  ^^  ^r  ^^  1          ^^^  ^"^  •   •   •    ■  • 

13,0001. do 

s. 

10.000 

T.S. 

22 

Do. 

1 

Ohio 

12,600 
14,500 

.  .  do 

Armored 

s. 

8. 

16,000 
25,000 

T.S. 
T.S. 

20 
20 

Union  Iron  Works,  San  Francis- 
co, Cal. 
Wm.  Cramp  A  Sons,  Philadel- 

Tennessee  

cruiser. 

1 

phia,  Pa. 

Washington 

14,500 

.  .do 

s. 

25.000 

T.S. 

'    20 

New    York   Ship  Building  Co., 
Camden,  N.  J. 

California 

14,000 

.  .  do 

s.w. 

23.000 

T.S. 

22 

Union  Iron  Works,  San  Francis-     ' 

CO,  Cal. 
Wm.  Cramp  A  Sons.  Philadel- 

Pennsylvania.. . 

14.000  Armored 

S.W. 

23.000 

T.S. 

22 

cruiser. 

phia,  Pa. 

West  Virginia. .  . 

14,000;..do 

s.w. 

23,000 

T.S. 

22 

Newport  News  Ship  Building  ami 
Dry  Dock  Co.,  N'p't  New»,\  a. 

Colorado 

13.600 

.  .do 

s. 

23.000 

T.S. 

22 

Wm.  CVamp  &  Sons.   Philadel- 

: 

phia,  Pa. 

Maryland 

:.3,600l.  -do 

s. 

23,000 

T.S. 

22 

Newport  News  Ship  Building  and 
Dry  Dock  Co.,  N'p't  News,Va. 

^*^*W^^    ^g     SV^^^^^frVV         «*■■*■ 

South  Dakota.  .  . 

13,600'     do 

s. 

23.000 

T.S. 

22 

Union  Iron  Works.  San  Francis 

CO,  Cal. 
Newport  News  Ship  Building  an<i 

Dry  Dock  Co.,  N'p't  Ncws.Va. 

Charleston 

9.600' Protected 

s. 

21,000 

T.S. 

14 

cruiner 

Milwaukee 

9.600  .    do 

s. 

21,000 

T.S. 

14 

Union  Iron  Works,  Saa  Francis- 
co. Cal. 
Neafie  A  Levy.  Philadelphia. Pa. 
Navy  Yard,  New  York. 
Neafie  &  Le\'y,  Philadelphia.  Pa. 

St.  Loui.s 

9.000  .  .do 

s. 

21.000 

T.S. 

14 

Chuttanouga.  .  .  . 

3.100  .  .do 

s.w. 

4,700 

T.S. 

10 

Denver 

3.100  .  .do 

s.w. 

4,700 

T.S. 

10 

Des  MoiiieM 

3,100  .  .do 

s.w. 

4.700 

T.S. 

10 

Fore  River  8.  A  E.  Co.,  Quiney, 
Mass. 

Gal  vent  on 

3.100  .  .do 

s.w. 

4.700 

T.S. 

10 

Navy  Yard.  Norfolk. 

Tacoma 

3.100  .    do 

s.w. 

4.700|T.  S. 

10 

Union  Iron  Works,  San  FVancis- 

co,  Cal. 
(jas  Engine  and  Power  Co.,  and 

Dubuque 

1,085 

Gunboat  . 

s.w. 

1.050 

T.S. 

6 

i 

1 
1 

Chas.  L.  Seabury  A  Go.,  eon- 
solidated,Morri8Heisfat«.N.Y. 

Padueah 

1.085  .    do 

s.w. 

1.050,  T.S. 

6 

Do. 

Gunboat  No.  10  . 

.  .  do 

s. 

.  .       T.  S. 

Contract  not_yet  awarded. 
Navy  Yard,  Boston,  Maa. 

Cumberland.  .  .  . 

1.800  Training 

nhip 
1.800  .    do. 

s. 

1 

6 

Intrepid 

s. 

>    •                   •    • 

6 

Na^T  Yard,  Blare  lalmnd,  CU. 

Boxer 

345  Training 

1   ^^' 

■ 

Navy  Yard,  Portsmouth,  N.  H. 

a 

brigantine 

StrinKhaiu     (No. 

340|Torpe<io 

s. 

7,200  T.  S. 

♦2 

Na^T  Yard,  Leacne  Idand. 

19) 

lH>at 

1 

Goldsborough 

247i  ..do 

s. 

O.OOOiT.  S. 

♦2 

Navy  Yard,  Puget  Sound. 

(No.  20) 

]              ' 

Nicholson 

174  .  .dt» 

s. 

1    3,500  T.S. 

♦3 

Navy  Yard,  New  York. 

^No.  30) 

'              1 
1 

O'Hrien  (No.  31) 

174  .  .do 

s. 

3.")()()T.  S. 

*3 

Do. 

Blakoly  (No.  28) 

]().')  .  .do 

!  '^• 

3.(K)0  r.  S. 

1 

*3 

|(;eo.  Lawley  A  Sons,  South  Bos- 

'     t<m,  Mass. 

Sotoyorno  (No. 9) 

22.')  .    ilo 

i    s. 

1       4.'>0    S. 

Navy  Yard,  Mare  Island,  Cal. 

*Tori>etlo  tub 

es. 

\ 
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THE   TORPEDO    BOAT    IN   MODERN   WARFARE. 


Tlie  UuBHO-Japanese  war  has  proved 
the  wiftdom  .of  building  torpedo  boat 
deittroyerg  of  the  dimensions  and  pow- 
er that  characterize  the  latest  models. 
With  their  length  of  220  feet,  beam  of 
over  20  feet  and  draft  of  between  9 
and  10  feet,  giving  a  displacement  of 
lietween  300  and  400  tons,  the  mod- 
ern destroyer  is  a  very  serviceable  sea 
boat,  which  was  more  than  could  be 
said  for  the  tor^)edo  boat  of  an  earlier 
decade.  'Hie  high  freeboard  and  the 
provision  of  a  raised  turtle-back  for- 
ward, render  these  boats  able  to  main- 
tain their  high  si)eed  in  fairly  rough 
water,  and  in  the  present  operations 
the  flotillas  of  Japanese  destroyers 
seem  to  have  been  perfectly  well  able 
to  keep  the  sea  in  all  weather.  Evi- 
dently the  lessons  taught  by  the  dis- 
asters that  hapi)ened  to  some  of  the 
high-powered  British  torpedo  boat  de- 
stroyers, when  they  were  badly 
wrenche<l»  and  in  one  case  actually  bro- 
ken in  two  in  a  heavy  seaway,  have 
been  laid  to  heart,  and  the  Japanese 
destroyers  whit'h  did  such  good  work 
around  Port  Arthur  are  evidently  sen- 
worthy  vessels. 

A  8urj)rising  feature  of  torpedo  boat 
service  in  the  Far  Eastern  struggle  is 


the  wide  range  of  duties  which  were 
assigned  to  the  destroyers.  Scouting 
work  which  ordinarily  would  be  given 
to  cruisers  from  3,000  to  6,000  tons 
displacement  was  satisfactorily  car- 
ried out  by  these  little  400-ton  craft. 

By  reference  to  the  section  dia- 
gram on  page  77  the  reader  can  olitain 
a  veiy  complete  idea  of  a  torpedo  boat 
interior.  Forward  m  the  bow  is  a 
collision  compartment  formed  by  a 
bulkhead  located  several  feet  from  the 
bow.  Aft  of  that  is  the  chain  locker, 
and  then  the  torpedoes,  of  which  half 
a  dozen  are  (rarried  on  a  vessel  of  this 
character.  Since  the  torpedo  boat  car- 
ries no  arpior  whatever,  the  torpedoes, 
the  war-heads,  and  the  magazines  are 
placed  below  the  water-line,  where  they 
are  safe  from  any  except  a  plunging 
shot.  The  torpedoes  are  stowed  with 
their  war-heads  containing  the  guncot- 
ton  charge  unscrewed,  the  latter  being 
Slowed  separately,  as  shown  in  the  en- 
graving. Aft  of  the  war-heads  is  the 
forward  magazine  and  a  compartment 
given  up  to  the  general  ship  s  stores. 
On  the  deck  above  are  the  quarters 
for  the  crew,  which  will  number  be- 
tween fifty  and  sixty  men  in  the  larger 
boats. 


THE    MODERN   TORPEDO. 


Commenting  during  the  late  Spanish 
wjir  upon  the  elH<'iency  of  the  torpedo, 
we  sjiid  :  "AltbouKh  torpedo  warfare 
has  ii(»t  yet  a<'liieve<l  results  at  all  pro- 
portionate to  tli(>  amount  of  thought 
and  skill  that  have  been  devoted  to 
it,  the  failure  has  probably  Immmi  due 
more  to  a  lack  of  opportunity  or  of 
etiicient  handling  than  to  any  deti- 
cien<y  in  the  torpedo  itself."  Tlie 
startling  events  that  marked  the  open- 
ing of  the  Russo-Jnpan  war  havt»  es- 
tal)lished  the  truth  of  that  stat<'ment, 
for  in  the  linnds  of  an  alert,  intolligi'nt 
and  daring  jx^ople,  this  deadly  weapon, 
in  th(»  first  half  liour  of  hostilities,  so 
l)adly  crippled  two  of  the  fiiu»st  i)attl<»- 
ships  and  one  of  tin*  Ix'st  crnis<>rs  of 
the  Utissian  navy  that  they  Inul  to  lie 
beaclied,  and  a  l»low  was  stru<k  at  tlie 
naval  prestige  of  Russia  from  which 
tliat  country  will  take  many  years  to 
recover.  At  the  sann»  lime,  the  l*ort 
Arthur  torjxMlo  attack  must  be  judjred 
at  its  true  vahie:  and,  tli<M'efore,  we 
must  not  lose  sJL'lit  «)f  tlie  fact  that 
information  is  lindin^  its  way  to  the 
pnh}}('  cnr  which  m/jkcs  it  pretty  evi- 
(if'nt  that  the  Uussian  sh ijis  were  not 
/ook/nj^r  for,   and   were  totally   uupre- 


l)ared  to  receive,  a  torpedo  attack.  If 
this  is  the  case,  what  has  been  proved 
is  that  if  the  torpedo  boat  can  get  un- 
molested within  easy  range,  the  tor- 
pedo is  fairly  sure  of  its  mark — and 
this  we  all  knew  well  enough  before 
the  war  began. 

The  Whitehead  torpedo  is  undergo- 
ing constant  development,  the  latest 
improvement  being  the  introduction  of 
the  gyroscoi)e  for  the  purpose  of  keep- 
ing the  torpedo  more  accurately  upon 
its  true  course.  The  latest  patterns 
include  this  device  and  are  generally 
of  larger  diameter  and  greater  length 
than  the  earlier  tyjies. 

We  show  on  the  preceding  page  an 
illustration  of  a  Schwartzkopff  tor- 
pedo, which  is  the  type  used  in  the 
Russian  navy.  It  is  merelj*  a  modifica- 
tion of  the  Whitehead  and  operates 
ui)on  the  same  principles. 

The  torpedo  here  shown  consists  of 
a  eij;ar-shai)ed  body  of  phosphor-bronze 
or  steel,  divi^led  into  six  separate 
romparinients  as  follows:  (1)  The 
MiaKa/.ine.  {'2)  tlie  secret  chamber,  (3) 
the  resevvovv,  (-4^  the  engine  compart- 
ment, Vv»^  \\w  V>\\o"s«ciie^  <scstE^'«LTtai«^t^ 
0>)    U\<i  \>^\eV%^^t  e!t)Axi!&Wft« 
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The  magazine  contains  the  explosive 
charge,  which  consists  of  a  series  of 
disks  of  wet  guncotton  packed  snugly 
together.  The  cartridge  primer,  Af,  tor 
exploding  the  charge,  consists  of  sev- 
eral cylinders  of  dry  guncotton  packed 
in  a  tube  which  passes  through  \)er- 
forations  in  the  guncotton  disks,  t. 
The  foremost  of  the  six  cylinders  con- 
tains a  detonating  primer  consisting  of 
fulminate  of  mercury.  The  small  pro- 
peller at  the  extreme  point  of  the  tor- 
t)edo  is  part  of  an  ingenious  safety  de- 
vice for  preventing  premature  explo- 
sion in  handling.  When  not  in  use, 
the  firing  pin  is  held  in  check  by  a 
sleeve ;  but  as  soon  as  the  torpedo 
strikes  the  water  the  rotation  of  tho 
little  propellers  releases  the  sleeve  and 
leaves  the  firing  pin  ready  to  strike  the 
detonating  primer  the  moment  the  tor- 
pedo meets  an  obstruction. 

The  **secret  chamber"  is  the  most 
ingenious  part  of  this  most  ingenious 
piece  of  mechanism.  Its  piston,  pen- 
dulum and  springs  perform  the  impor- 
tant work  of  regulating  the  horizontal 
rudders  which  keep  the  torpedo  at  the 
proper  depth.  Immediately  in  front  of 
the  secret  chamber  is  a  narrow  com- 
partment perforated  on  its  walls  to 
allow  the  outside  water  to  enter.  The 
front  wall  of  the  secret  chamber  car- 
ries a  piston,  a,  which  can  move  in  tho 
direction  of  the  axis  of  the  torpedo. 
The  pressure  of  the  water  is  resisted 
by  three  coiled  springs,  as  shown  in 
the  longitudinal  section.  At  a  certain 
predetermined  depth,  according  to  the 
tension  on  the  springs,  the  springs  and 
water  pressure  will  be  in  equilibrium  : 
l)elow  that  depth  the  piston  will  be 
driven  in  by  the  water  pressure,  and 
above  it  the  springs  will  push  forward 
the  piston.  To  prevent  too  sudden  os- 
cillation in  this  action,  the  piston  is 
connected  to  the  rod,  c,  of  a  swinging 
pendulum,  d.  The  motion  of  the  pis- 
ton is  communicated  by  rods,  which 
pass  through  the  hollow  stay  rods  of 
the  air  chamber  to  the  horizontal  or 
diving  rudders.  If  the  torpedo  ^oes  too 
deep  the  piston  moves  back,  the  pondu- 
lum  swings  forward  and  tho  rudders 
are  elevated,  the  reverse  movcnionts 
taking  place  if  the  immersion  is  not 
sufficient)     When  a  torpedo  dives  into 


the  water,  the  first  part  of  its  run  is 
made  on  a  wave  line  which  crosses  end 
recrosses  the  desired  and  ultimate  level 
of  immersion,  the  piston  and  the  pen- 
dulum gradually  bringing  the  torpedo 
to  a  true  course.  The  reservoir  forms 
the  central  body  of  the  "fish."  It  is 
made  of  forged  cast  steel  and  is  tested 
up  to  seventy  atmospheres.  A  tuyere 
at  its  after  end  feeds  the  air  to  the 
engine.  The  torpedo  is  driven  bv  a 
three-cylinder  engine,  with  cylinders 
120  dog.  apart,  acting  on  a  common 
crank.  The  engine  is  started  by  means 
of  a  valve  which  is  opened  by  a  lever 
striking  a  projecting  lug  on  the  launch- 
ing tul>e,  when  the  torpedo  is  fired. 

The  buoyancy  chamber  is  an  air- 
tight compartment,  the  purpose  of 
which  is  to  afford  the  proper  buoyancy 
to  the  torpedo ;  it  carries  a  piece  of 
lead  ballast,  by  shifting  which  the  trim 
can  be  controlled.  The  two  tubes,  / 
and  g,  curry  the  connecting  rods  for 
controlling  the  horizontal  diving  rud- 
ders. 

Next  comes  the  bevel-gear  chamber, 
where  is  located  the  gear,  /,  for  caus- 
ing the  propellers,  iw.  to  rotate  in  op- 
posite directions.  The  after  propeller 
is  keyed  to  the  main  shaft ;  the  forward 
propeller  is  keyed  to  a  sleeve  which 
rotates  freely  upon  the  main  shaft,  and 
the  motion  is  reversed  by  means  of  two 
bevel-wheel  geai*s  which  turn  on  a 
spindle  at  right  angles  to  the  main 
sliaft.  Tho  "tail"  consists  of  a  stock 
with  vortical  vanes,  which  act  as  the 
vertical  rudder,  and  two  frames  which 
carry  tho  horizontal  rudders. 

The  torpedo  is  tired  from  a  launch- 
ing tube  by  tho  explosion  of  a  small 
charge  of  gunpowder  behind  it.  This 
compresses  the  air  which  surrounds 
the  rear  half  of  the  torpedo  and  thrusts 
it  out  of  the  tube  without  any  serious 
jar. 

The  range  and  speed  of  the  torpedoes 
vary  with  tho  size.  The  weapon  here 
shown  is  14  inches  in  diameter.  ir>  feet 
in  length,  carries  0(»  pounds  of  guncot- 
ton and  has  a  speed  of  28  knots  for  a 
range  of  80<)  yards.  The  18-inch 
Whitehead  torpedo  is  10  feet  7Vj 
inches  in  length,  carries  a  charge  of 
220  jiounds  of  guncotton  and  has  a 
speed  of  .'51  knots  for  1,000  yards. 
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INTERIOR  OF  A  BATTI^SHIP. 


Tbe  (tor;  of  the  complicated  char- 
acter of  the  interior  of  a  modem  bat- 
tl^hip  Is  one  that  hag  grown  some- 
what stale  in  the  telling,  aotl  it  ia  not 
the  fault  of  '.lie  magaiice  writer  and 
the  oceasionat  corresponrieDt  of  Sun- 
day Bupplements,  if  the  general  public 
ill  not  salisSed  that  a  great  batttesliip 
or  cruiser  ie  complicated  beyond  (he 
power  of  words  to  ezpresa. 

In  SBjing  thai  the  bntClesbip  is  com- 
plicated we  roUHt  be  careful  to  remcm- 


Tessel.  but  wiil  teflve  it  to  the  diagram 
to  tell  its  own  story. 

The  drawing  Is  what  is  known  as  an 
inboard  profile;  that  ia  to  say,  it  is  a 
vertical,  central,  longitudinal  section 
through  the  whole  length  of  the  ship. 
The  huge  struc'ture  of  which  we  thus 
ohCain  an  interior  view,  la  a  little  ud- 
iler  450  feet  In  length  from  the  extreme 
tip  of  the  ram  Co  the  end  of  tbe  rud- 
der. The  fouDdalion  of  the  whole  ia 
the  keel,  which  is  nothing  more  nor 
less  than  a  deep  plate  girder.  3  feet  ti 
inches  in  depth,  extending  from  the  in- 


SECriON  OF 


.    1!l.  Pilot  hiiiif. 


It.  Firemen'^  wuh  n 


■!7.  Ev« 


.■able  arhieTemcnlH  of  engineering,  it 
would  he  difficult.  If  not  imposBlblp.  to  , 
Rnd  a  structure  whiili.  in  spite  of  the 
mnny  parts  of  which  li  U  maile  uji 
and  the  enormouK  elnliorution  of  detail 
that  it  mHnifci<ts.  is  veall.r  ho  liarmo- 
niously  projiorlioned,  or  Is  tH'lter  fltled 
to  the  enilH  for  which  it  wns  designed. 
There  are  some  Kuhjeits  of  which  an  ' 
illustration  will  tell  miin-  in  five  min- 
«  than  tongue  or  |ieu  I'm!  explain  in 


n  hour;  nnd  ii 


of  11 


liuiird  end  of  the  ram  structure  to  the 
rudder  post.  Biseciing  it  at  every  3 
feet  of  its  length  occurs  one  of  the 
lilate  ginler  frames  or  ritta,  which  ex- 
tend aChwnriKhip.  and  run  Dp  to  the 
under  edge  of  the  armor  irtielf.  where 
ihey  are  n'ducp<l  to  a  depth  of  say  from 
18  to  V2  ini-lics,  the  frames  extend- 
ing up  tlic  aides  of  Ibe  ship  to  the 
level  of  Ihi^'upiier  deck.  On  the  out- 
siile  of  thi'sc  fmrnes  is  riveted  the 
miter  plaling  of  the  uliip.  and  upon  the 
inHide  nf  Ihi'  fniinen.  extending  as  high 
lip  ill  ilic  umier  sidf  of  the  water-line 
l>elt.  siiy  -1  or  -"■  feet  Ih'Iow  the  water- 
line,  is  civvied  an  inner  shell  ot  plat- 
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iiiK'  He  apace  between  tbe  oater  aod 
inner  platiDg  is  divided  np  by  the 
frames  into  transverse  water- light 
rbaml>eni  3  feet  in  width,  and  every 
one  of  these  spaces  is  subdivided  by 
seven  or  eigbt  loagitudiDal  plate  gird- 
ers which  are  built  into  the  double 
tiottom.  as  it  is  oalled.  parallel  with 
the  keel  and  extending,  most  of  them, 
the  entire  length  from  stem  to  stern. 
Consequently  it  will  be  seen  that  the 
space  between  the  outer  and  inner 
shells  of  the  ship's  bottom  is  divided 
into  an  ionunerable  number  of  sep-  I 
arate  rom  part  men  Is,  measuring  3  feet 
in  depth  by  4  feet  in  length  by  about   i 


entrance  of  the  fragments 
high-explosive  shells,  burstl:  „ 
the  ship  above  the  water-line,  a  steel 
deck.  2  to  3  inc'hes  in  thickness,  known 
as  the  ptMtertive  deck,  eiteuds  at 
about  tbe  level  of  the  water-line  over 
tbe  whole  of  the  vitals,  and  is  con- 
tinued in  a  Kently  curving  slope  to  the 
ram  forward  and  to  tlie  stem  aft.  In 
tbe  vessel  here  shown  this  steel  deck 
is  V^  inches  rhick  on  the  flat  and  3 
ini-hes  thick  on  the  slopes. 

Now.  the  space  below  the  protective 
deck  is  divided  up  by  a  large  number 
of  transverse,  water-tight  bulkbeada 
of  steel  plating,  there  t>eing  nineteen 


J«    BATTLR8HIP. 

37.  SbiiftBll<q».n.ll>-m 

hmag-    -15    Wsrdro. 

JO.  WuTWit    MattiTd 

ni^    M.  AdminJ-  -thc^. 

47.  Kre-h  w, 

3Z:  MOiurv  mu't. 

X.  12-incb  buidling  nwn 

>   feet   i 


width.     Tbe   r 


curely  riveted  logetlie.. 

Above  the  inner  floor  or  platform  tbe 
central  portion  of  the  vessel  is  taken 
up  by  the  magazines,  boiler  rooniH  imd 
engine  rooms.  These  because  of  itioir 
vast  importance,  are  known  as  the 
ship's  vitals,  and  great  care  in  taken 
to  provide  them  against  the  entrnnie 
of  heavy  projectiles  of  the  enemy,  and, 
as  far  aa  may  be.  against  tbe  nttack 
of  the  still  more  deadly  torpedo.  Tti'- 
engines  and  boilers  are  so  pmponloncd 
as  to  height  that  they  do  not  extend 
above  the  water-tine :  and  to  j>roic>ct 
tbem  from  piuaging  shot,  or  from  the 


)f  these  bulkheads  altogether.  Tbav 
'xtetid  from  the  inner  shell  of  tli'e 
i^essel  lo  the  under  aide  of  tbe  [iroteo- 
:ive  deck.  Tlie.v  are  riveted  jterfectly 
niitfr-tieht.  i-ommuiiicalioii  from  com- 
imriment  to  compartment  being  by  wa- 

er-tiRht  doors.  Forward  in  tbe  bow 
ire  the  trimming  tanks,  used  to  assist 

II  bringing  the  vcs.-«l  to  un  even  keel, 
riien  aliaft  of  The  colliMion  bulkhead 
tri-  hreail  and  dry  provision  stores,  ant! 

Ill-  I'onstrni-iton  slnreii.  In  the  next 
■ONinnrtmciit.  wliicb  in  diviil.-ii  into 
■hici>  licck^.  we  have  on  tbe  floor  of 
ilic  shiv  a  sl'irpnmm  tot  \oi\v)v\ii  w^^, 
•ulmiariiu'  mincB.  cvi;.      N-ViNt  VV*  \j 
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the  under-water  torpedo  room,  and  im- 
mediately below  the  protei'tive  deck  are 
kept  the  paymaiiter  h  stores  aud  life 
preservers.  In  the  next  compartment, 
below  on  the  platform,  are  the  anchor 
fi:ear  and  <'hain  lockorn.  and  above  this 
the  navigator's  stoivs.  I*asHinjr  through 
the  next  bulkhead  we  come  to  the  vi- 
tals or  the  ship  proper,  with  the  0- 
inch  gun  magazines  on  the  floor,  thr 
12-inc'h  magazines  and  handling  rooms 
on  the  deck  alK)ve.  and  above  this  the 
14-iiounder  ammunition  and  blower 
rooms.  Above  the  magazines,  and  nest- 
ing on  the  protective  deck,  is  the  bar- 
bette of  the  forward  pair  of  12-inch 
guns,  the  armor  and  its  relative  thick- 
ness being  shown  by  heavy,  black  lines: 
while  in  front  of  the  barbette  the  heavy 
sloping  black  line  indicates  the 
athwartship  sloping  bulkhead,  placed 
there  to  prevent  raking  projectiles 
from  passing  through  the  entire  struc- 
ture of  the  ship.  Immediately  to  the 
rear  of  the  forward  barbi'tte  is  seen 
tlie  coning  tower,  with  the  heavily  ar 
mored  tulw  which  protecrts  the  teh*- 
phonos,  electric  wires,  fuse  tubes,  etc., 
that  pass  from  the  tower  down  l)elow 
the  protective  <leck.  In  the  next  com 
partment,  aft  of  the  magazines,  are 
the  dynamo  rooms:  and  then  between 
the  nexi  two  bulkheads  is  ]>la<'ed  ai) 
athwartship  coal  bunker.  A  similar 
athwartship  coal  bunker  extends 
athwart shii)  on  the  other  side  of  the 
l)oiler  rooms:  ami  it  must  Ite  under- 
stood that  at  the  side  of  the  boiler 
rooms  are  the  wing  bunkers  which  run 
aft  for  tl»e  whole  lengtli  of  the  boiler 
rooms  and  engine  rooms.  The  boiler 
installation  on  this  particular  ship  is 
entirely  of  the  water-tube  type,  and 
it  consists  of  twenty-four  units  ar- 
ranged in  six  separate  wjitiT-tight  com- 
partments, three  on  earh  sid«*  of  the 
center  line  of  the  vessel.  Aft  of  the 
l>oiler  rooms  comes  the  athwartship 
coal  bunker  al>ove  referred  to,  and 
then  in  two  sejmratc  water-tight  com- 
])artments  are  the  twin-screw  engines. 
Aft  of  the  enpin4»s  in  another  com- 
partment is  containe<l  a  complete  set 
of  nuigazines  similar  to  that  lieneath 
the  forward  barbett<\  and  alM)ve  iliem. 
resting  on  the  i>rotcctiv4'  deck  is  the 
after  l)arl>ette  and  turret,  with  its  i»air 
of  12-in<li  guns.  Aft  of  the  nnign- 
zines  come  more  i'ompartment**.  de- 
votcil  t«»  stoH's.  In  the  next  com- 
]>nrtm<'ni.  «l«)wn  on  the  ]»Iatform.  arc 
the  freshwater  tanks  and  two  trini 
ming  tank**,  and  on  tlie  deck  above.  !••. 
low  tbe  jirotective  deck  ar«'.  first,  the 
shHM'iijff-wnvhinvry  room,  and  ibcn  tlx* 


I 


I 


steering-gear  room,  each  being  in  a 
separate  water-tight  compartment. 
This  completes  the  description  of  tbe 
.space  below  the  protective  deck. 

The  i)rotective  deck  is  known  more 
generally  among  seamen  as  the  berth 
deck.  Al>ove  that,  at  a  distance  of 
about  8 Mi  foet,  comes  the  main  deck, 
and  H\<2  feet  al)ove  that  the  upper 
de<'k,  while  amidships,  between  the  two 
main  turrets,  is  the  sui)er8tructure,  the 
deck  of  which  is  known  as  the  super^ 
structure  or  boat  deck.  The  berth 
de<'k  and  main  deck  are  devoted  to  the 
living  accommodations  of  the  offlcere 
and  crew,  the  crew  being  amidsMps 
and  forward,  and  the  officers  aft.  The 
berth  deck,  as  its  name  would  indicate, 
is  largely  devoted  to  the  berthing  and 
general  living  accommodation  of  the 
crew.  Here  are  also  to  be  found,  in 
the  wake  of  the  fonvard  gun  turrets, 
on  one  side  the  sick  bay,  and  on  the 
other  side  the  refrigerating  room  and 
ice  ma<'hine.  Aft  of  that,  on  the  port 
side,  are  the  sick  bay,  lavatory,  dis- 
Iiensary,  machinists*  quarters,  ord- 
nance workshop  and  blowers ;  while  on 
the  starlKiard  side  are  the  petty  offi- 
cers' quarters,  the  laundry,  and  the 
drying-room.  Then,  in  the  wake  of 
the  t>oiler- rooms,  on  each  side  of  the 
sliip,  are  coal  bunkers  which  add  their 
protection  to  that  of  the  side  armor 
of  the  vessel.  In  the  center  of  the 
ship  are  waslirooms  for  the  crew  and 
iiremen.  Aft  of  the  coal  bunkers  on 
this  deck  <"ome  the  officers*  quarters. 
On  l>oth  sides  of  the  ship  are  the 
staterooms  of  the  junior  officers,  and 
the  wardroom  staterooms,  while  be- 
tween them  is  a  large  wardroom  and 
dining-room  with  its  pantry.  The  ex- 
treme aft  portion  of  the  berth  deck 
is  taken  up  by  officers'  lavatories,  etc. 

On  the  main  deck  al>ove,  forward,  is 
more  berthing  a<'cummo<lation  for  the 
crew,  also  shower  baths  and  lavatories, 
while  ami<lships  are  found  the  various 
galleys  for  the  crew  and  the  officers, 
arrangiHl  bi>twe(>n  the  basco  of  the 
smokestacks,  while  amidships  in  the 
wings  of  the  vessel  is  more  berthing 
space  for  th<.>  cn^w.  Aft  on  the  main 
deck  the  spa<*e  is  given  up  largely  to 
acconnno<lations  for  tlie  senior  officers 
and  for  the  admiral,  which,  by  the 
way,  give  one  an  impression  more  of 
conimodiousness  than  of  rich  or  ex- 
travaiiant  furni^ihing.  Forwanl.  above 
tbe  conning  tower,  are  tlu^  pilothouse. 
chart nuim  and  the  room  of  the  (*om- 
mandini;  oliicer.  In  the  particular 
sliiji  shown,  the  heavier  guns  arc 
mounted   on   the   uiiper  de<-k,   two   12- 
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inrh  j^uns  in  n  turret  forward  and  two 
aft,  and  eight  8-inch  guns  in  two  ar- 
mored turrets,  two  on  each  broadside 
amidships.  The  intermediate  battery 
of  twelve  (i-inch  guns  is  mounted  on 
the  main  deck,  the  guns  firing  through 
casemates.  On  this  deck  are  also 
eight  3-inch  guns,  four  forward  and 
four  aft ;  there  are  also  four  3-inch 
guns,    mounted    in    broadside    on    the 


upper  deck,  within  the  superstructure. 
The  new  method  of  emplacing  guns  on 
our  warships,  by  which  it  is  possible 
to  swing  the  guns  around  until  their 
muzzles  are  flush  with  the  side  of  the 
ship,  has  the  good  effect  of  leaving  the 
side  of  the  ship  free  from  projecting 
objects  when  the  vessel  is  in  harbor, 
and  of  leaving  the  living  spaces  of  the 
crew  but  very  slightly  obstructed. 


SECTION  THROUGH  THE  TURRET  AND  BARBETTE  OF  A 

MODERN  BATTLESHIP. 


In  the  foregoing  illustration,  show- 
ing the  interior  of  a  turret  and  bar- 
bette on  a  modern  American  battle 
ship,  the  section  has  been  carried 
down  through  the  structure  of  the  ship 
to  the  keel.  It  is  taken  on  a  vertical 
plane  in  the  line  of  the  keel  and  in- 
cludes enough  of  the  ship  in  the  fore 
and  aft  direction  to  take  in  the  am- 
munition and  handling  rooms,  and 
show  the  methods  of  storing  the  shot 
and  shell  and  powder  and  the  means 
for  bringing  it  up  to  the  breech  of  the 
gun.  Commencing  at  the  bottom  of 
the  section  we  have,  first,  the  outside 
plating  of  the  ship :  then  about  four 
feet  above  that  is  the  inside  plating, 
or  inner  bottom,  as  it  is  called.  This 
space  is  divided  laterally  by  the  frames 
of  the  ship,  which  run  across  the  bot- 
tom and  up  tlje  sides  to  the  shelf,  upon 
which  the  side  armor  rt*sts.  Upon  the 
double  bottom,  and  between  that  and 
the  first  deck  above,  is  a  magazine 
where  the  ammunition  is  stored  in 
racks  as  shown  in  the  illustration,  this 
particular  ammunition  being  for  the 
rapid-fire  guns  of  six-inch  calibre.  On 
the  deck  above  and  centrally  below  the 
turret,*  is  located  the  handling  room 
into  which  open  by  water-tight  doors 
the  magazines,  where  are  stored  the 
l)owder  charges  and  the  shells  for  the 
12-inch  guns  above.  Two  de<'ks  above 
we  come  to  the  steel  protective  deck, 
2y2    to  3   inches   in   thickness.      Upon 


this  deck  is  erected  a  great  circular 
structure  known  as  the  barbette, 
whose  walls  will  be  from  eight  to 
twelve  inches  in  thickness.  The  ba^ 
bette  is  actually  a  circular  steel  fort, 
and  it  is  thick  enough  and  its  steel 
protection  hard  enough,  to  break  np 
and  keep  out  the  heaviest  projectiles 
of  the  enemy,  except  when  they  are 
fired  at  close  ranges.  At  about  two- 
thirds  of  the  height  of  the  barbette  is 
a  heavy  circular  track  upon  which  runs 
a  massive  turntable.  The  framing  of 
this  turntable  extends  to  a  point 
slightly  above  the  top  edge  of  the  bar- 
bette, and  upon  it  is  imposed  the  mas- 
sive structure  of  the  turret,  which  is 
formed,  like  the  barbette,  of  heavy 
steel  armor  carried  upon  framing,  the 
form  of  the  turret  in  plan  being  ellip- 
tical. Its  front  face,  which  slopes 
at  an  angle  of  about  40  degrees,  is 
pierced  with  two  ports,  through  which 
project  the  two  heavy  12-inch  guns. 
The  mounting  of  these  guns  is  car- 
ried also  upon  the  turntable  and  re- 
volves with  the  turret.  Prom  the 
handling  room. below  a  steel  elevator 
track  extends  up  through  the  barbette 
and  curves  back  to  the  rear  of  the  gun; 
and  upon  this  there  travel  two  amma> 
nition  cages  which  are  loaded  below 
upon  the  handling  room  floor  and  carry 
the  projectiles  and  powder  up  to  the 
breech  of  the  guns,  where  it  is  thrust 
into  the  gun  by  mechanical  rammers. 


THE    SUBMARINE    MINE. 


Broadly  speaking,  there  ai^  throe 
different  kinds  of  submarine  mines. 
First,  observation  mines,  which  are 
fired  from  the  shore  when  a  shii)  is 
known  to  be  in  rauRe;  second,  auto- 
matic mines,  which  niv  exploded  on 
being  stmrk  b.v  a  ship,  which  is  the 
Jt/nd  with    which   the  Russians  claim 


that  the  '"Petropavlovsk"  was  sunk: 
third,  electric-contact  mines,  which 
on  hviup  struck  by  a  passing  vessel 
give  notification  to  an  operator  on 
shore,  who  fires  the  mine  by  the  throw 
of  a  swit<'h. 

The       accompanying       illustrations 

s\A0V»        Cl      ^Y^^^^^a.      q\.      ^^RXT\Rr«StAA<Ct 
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Ini^i  tliRt  tliey  coinmaiKl  tb*? 
Ilii>  luiitF  EfM,  anil  rpiiilt^r  it 
'  (or  (hf  Kninll  Imais  of  llie 
aitcmiii  to  ex|iloili-  tlip  miai'i 
liif;  hultlefhiiis  nnd  arnii>iv<l 
«KH  orer  tlii>ni.     Tlii'  Imtti-ry 

ruthiT  low  down  m'nr  tlii' 
i<)   nlKive   It   18  B   linllery   oF 

■nd  lIMncli  liriN^-h-lnnilinK 
iunl>^1  Hther  m  bnrhrtli; 
liiin|>ppar<nj(  mounCH,  wliile 
vne,  (-grcfully  irniKki''!  Iiy 
.  in  a  tirinjc  Htntioii, 
connK'tml  by  (-aB>l>-ii  Willi 
«  ill  the  chaiiiid.  Siini«-  i 
J-      prefereDi-p.      tlii-      firinn 

plaoi-d  in  a  manslri-  i-oni'ivti- 

wliiob  ix  liiiilt  iiiio  till'  Hiriii'- 
tb^  fortilii-ation.  llie  huIi- 
ini-a  wuiilil  lio  Inid  ixil  in  a 


s  left   i 


I  liiie  wuillil  <i 


the  B 


t   liti•'^ 


ship  ralRliI  be  mevriaK.  k\xv 
certain  to  strike  one  or  moii- 
it-d  liefore  slie  pa«w?s  over  ilip 
e  Ki*"tii><l  raiiie.  wlii<'li.  as  we 
.  h  uflii.illy  a  heiiiiK|)lierii-nl 
H>,  coataiiiH  Hpveral  hiinitvi'il 
:  hlKll  pxplosivp,  anil  i»  lii>l'l 
OD  the  bml  of  llie  river  or 
y  H»  own  weislii.  KOiiielime.4 
J'  iHJiivy  hookn  <'asl  ii|ioii  llie 
'il.  Aiii-ltornl  tu  till!  iuiii>-. 
n|c  nlnve  II,  at  a  ^|itli  In-low 
t  U  leKD  Ibati  the  tlrafi  of  ilie 
rmu'elM.   in  a   hollow   Inioyatit 

which  is  plareil  the  elei'lric 
•ler.  The  Mei'ond  eiiRravinic 
u  lierewith  nliown  repri^peiiln 

throiiRh  Ihe  Honliiii:  Kphere. 
-H  thP  <I«lailii  of  n  type  of 
i-VT  which  ban  liin-n  vi'ry 
led.  Il  ninsiitK  of  a  hnrse- 
net,  .1/.  .If.  wllhin  wbi'h  m 
a  coiled  wire  a  ball.  II.  A 
rd  Ik  Iiiiiis  fii)n)  Ihe  liiii  of 
et.  iiaHM>i(  down  Ihrniieh  ili- 

ill  attarlKHl  to  an  orirmmrv. 
1  tlie  i-eH!H'l  slrlke.i  llie  linny. 
*  thrown  to  oni'  kIcU'.  dinii- 
.  KUken  iiinl  mid  liflK  tlii' 
A.  1^1  the  iiolw  .V.  h'.  of 
'I  are  Rmiired  two  .itiihII  iriiiK- 
'.  one  end  of  the  eo'l  wii'e  Inf- 
lated lo  line  iiiiil  the  other  tu 
Doint,  6.  Thf  armature  .-1 
I  hy  a  sprinit  to  an  iii^ilji'i-l 

he  firinit  fllKC  in  Hi..  Kj'i.m'i.! 
!artb.     The  other  rii>l  of  tlir'   , 
carriet    a     lontm-t     point    ' 
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which,  wlii'ii  th<'  buoy  U  struck,  en- 
gage with  II  coiitntt  poiul.  6,  whirh  la 
connprtcil  to  earth  tliniiiKh  the  inter- 
PukchI  riKtiitniicp  of  a  l.(lUI)>o]]iii  miiiit- 

Oiir  i»Hi)nd  PiiRrnvlue  shows  tlio  nii- 
Intiiiilii'  liiiliiiitor  iir  Hhuller.  whicli  is 
|iln(-Ml  ill  tlii<  liriiiK  Htutiuii  on  Hhorr. 

Now  1i>t  UN  folliiw  Diiire  i-hiHpl.r  tlif 
oiwrnliim   of    IiIuwiiik   iiii    lln>   hostile 


magnets,  b,  b.  and  releases  tbe  pirold 
shutter,  4.  ringing  the  1>ell  and  throv- 
iiiK  the  signal  battery  line  L  iota  rir 
i-uit  witb  the  line  to  the  firing  batter)'. 
F.  H.  The  o|)eraror  now  iilaeea  tbf 
jilug.  P,  in  plare.  an^  sendn  the  wholr 
force  of  the  main  current  into  the  linr. 
nnd  as  thiH  ban  Hiilfideiit  Ton-e  to  prki 
tbe  reniBlniK'c  and  ignite  the  fuse,  tit 
ground  mine  in  instantly  exploded.  Id 


i-nn»-!i  the  wigiinl-hiif- 


. «  of  thf 

kind  ibiti  is  cliiiim'd  to  have  sunk  tbr 
"IVIroiutvluwk,"  the  instant  the  floal- 
iiiv  Hjilii'n-  ur  i-usc  Ik  Htniok  by  the 
«liili.  Iheiv  is  an  explosion  of  the 
chnrgi-.  u'lili'h  1h  carried  in  the  float- 
ins  'nse,  if  the  water  Is  very  deep,  or 
in  ihi'  :(]'iiiiii<l  mine  at  the  bottom  if 
111.'  iv:iiiT  is  Kiillicicntlj-  aliallow  lo 
liring  ihi'  mine  iviibin  striking  distance 
111  VW  »Vi\\i'*  IwUoiw, 


sriKNTiFir 


A  GROL-'i'  OF  NA 
Tlie  iiroje<-tiles  in  use  by  our  navy 
may  lie  I'lassed  bb  solid  shot,  shell  ani! 
Rhrapnel.  Although  some  excel  lent 
■olid  shot  is  still  mnnufBrtured.  such 
as  the  Johnson  fluid  compressed  shot, 
■olM  shot  have  given  place  to  shell  as 
Ibe  standard   projectiles  of  the  navy,   i 


I'HOJi'X" 
t   of   K 


■   lull. 


10  eiLplode  ihe  sliell  a  certain  length 
of  lime  after  tlie  itliell  has  left  the 
muzzle  of  Ihe  Kun. 

ShraiineE  is  the  modem  form  of  Ibe 
old  cBKe  shot,  which  consisted  of  a  large 
number  of  halls  put  up  in  a  i-Hse  or 


s  formed  with  an  interior  cnv- 
__.]siderBble  dimeDsions.  in 
which  is  placed  a  charee  of  [lowilei' 
or  hiEb  explosive.  It  is  provided  with 
H  fu«e  for  the  isnition  of  tbe  chnrge. 
which  is  of  the  peKnmSoB  of  timi'- 
fuse   tjpe.      Tie  fonner  acts   at    IIip 


■v.']y  s.TV(.ii  (0  liol.i 
I  Ihev  left  the  D 
.  tll^-  <i»K<^  of  xliraii- 
H  nindc  Niilfiriently 
slwM-Vi  «t  AVw-Vt&twr, 


88 


SCIBNTIFIC    AMERICAN    REFERENCE    BOOK. 


are  now  made  of  chrome  Kteel,  the 
Hmall  admixture  of  chromium  serving 
to  impart  to  the  steel  a  remarkable 
amount  of  toughness.  The  project ilc*s 
are  cast,  forged,  and  carefully  an- 
nealed and  tempered,  the  hardening 
l>eing  confined  to  the  point  or  nose. 
The  latter  is  ogival  in  form,  the  point 
l>eing  struck  with  a  radius  which  is 
two  or  three  times  the  diameter  of  the 
shell.  The  iwint  has  to  be  sharply 
pointed  to  insure  its  penetration  of 
the  hard  face  of  the  armor,  but  if  it 
is  made  too  fine,  it  will  lack  the  neces- 
sary resisting  power  and  will  be  frac- 
tured before  it  can  get  through.  The 
I)e8t  proportion  of  radius  is  found  to 
lie  between  two  and  three  times  the 
diameter. 

There  are  two  kinds  of  armor-pierc- 
ing projectiles.  The  first  is  made  solid, 
or  practically  so.  a  small  core  being 
forme<l  to  give  the  l>est  results  in  the 
forging  process;  the  other  tyjie  is 
known  as  semi-armor-piercing.  It  is 
formed  hollow,  with  a  core  of  moder- 
ate dimensions,  large  enough  to  hold 
nn  explosive  charge  that  will  insure 
the  bursting  of  the  thick  walls  of  the 
lirojei'tile.  It  is  made  of  chrome  steel, 
and  requires  in  its  manufacture  to  be 
treated  with  great  care  to  se<*ure  the 
combined  hardness  and  toughness  to 
enable  it  to  jiierce  solid  armor  without 
fracturing  and  carry  its  explosive 
charge  intact  into  the  interior  of  the 
ship.  When  such  shell  is  fille<l  with 
common  powder  the  heat  engendered 
by  passing  through  the  armor  is  de- 
IM  ndod  on  to  explode  the  shell  just 
within  the  ship;  no  fuse  is  use<l. 

'ITie  object  at  which  projectile  mak- 
ers are  aiming  just  now  is  to  make  a 
siiell  which  can  carry  a  charge  through 
tlie  best  armor  and  burst  on  the  inner 
side  of  the  armor.  It  is  already  pos- 
sible to  put  solid  shot  through  plate 
that  is  as  much  as  one  and  one-half 
llie  (liameter  of  the  shot  in  thickness, 
and  the  su<'cess  of  the  projectile  mak- 
ers is  such  as  to  make  it  likely  that 
before  long  a  bursting  shell  can  be 
made  to  perform  tb<»  sunn*  f«»jit. 

It  will  be  evident  that  i)enetration 
of  the  armor  bell  i»y  a  shell  will  be 
vastly  more  d<^stru<'tive  to  the  slpp 
I  ban  pcn<'tration  by  solid  sliol.  Tln» 
(Inmnge  wrought  by  the  latter  will  lu» 
confined  to  its  dircd  path,  wliciy  [ho 
zone  of  (lest rm-t ion  of  a  shell  will  be 
nhnost  as  ext<'nsive.  if  it  is  of  llx' 
l;U'j:er  calibres,  ns  the  whole  nreji  nf  the 
(leek  on  whi<-h  it  slrik<*s.  The  elTects. 
///orfffvcr,  will  he  ;rre/irly  augmented 
//" //  /t/jir/i-cxjtlosivc,  bursting  charge  \»e 


I 


substituted  for  common  |K>wder,  al- 
though the  sensitiveness  of  such 
charges  renders  it  very  difficult  to 
carry  them  through  armor  plate  and 
burst  them  on  the  Inside.  Excellent 
results,  however,  have  been  achieve*! 
in  this  direction  against  armor  of  mod- 
erate thickness. 

The  group  of  shells  shown  in  our 
engraving  includes  one  of  each  of  the 
sizes  used  on  our  warships,  from  the 
4-incli  .33-pound  shell  up  to  the  13- 
inch  1,100-pound  shell  of  our  largest 
guns.  They  are  all  of  the  class  known 
as  *Vommon  shell/'  and  are  used 
against  fortifications  and  earthworks 
and  against  the  unarmored  or  lightly 
armored  portions  of  warships.  They  are 
usually  formed  of  cast-iron,  though 
sometimes  of  cast-steel,  and  the  in- 
terior cavity  is  large,  enabling  a  big 
bursting  charge  to  l)e  carried.  Unhke 
the  forged  chrome  steel  shell,  they  are 
unfit  for  armor-piercing,  not  having 
the  necessary  strength  to  carry  them 
through  the  plates. 

The  particulars  of  these  shells  are 
given  in  the  following  table : 


Diameter. 

Length. 
1  foot  4  inchen. 

BuivtinK 
C'harnp. 

2  poumi!* 

4-inrh 

5     ••     

1    " 

3 

s     •• 

0     ••    

1    '• 

9 

4 

8      *•     

2    •• 

6 

10 

10     '•     

3    •• 

0 

22 

12     "     

3    " 

8 

42        " 

13     •'     

4    " 

0 

70         • 

It  will  \ye  noticed  that  the  point  of 
the  shell  is  cut  off.  It  is  here  that 
the  percussion  fuse  Is  inserted.  The 
fuse  consists  of  a  hollow  threaded  brass 
case,  which  is  screwed  Into  a  hole 
bored  through  into  the  interior  of  the 
shell.  Inside  the  case  is  a  cylindrical 
lead  plunger,  in  the  center  of  which 
is  a  fulminate  and  a  priming  charge. 
When  the  gun  is  fired,  the  plunger 
niov<»s  to  the  rear  of  the  fuse,  and  at 
the  moment  when  the  shell  strikes  an 
obstruction  it  flies  forward,  the  ful- 
minate striking  a  small  anvil  on  the 
fuse  cap.  This  ignites  the  primer,  the 
tlame  of  which  enters  the  shell  and 
expIo<l(»s  it. 


Turkestan  is  a  general  government  of 
( 'en I  ml  Asia.  It  comprises  the  khan- 
Mtes  iind  deserts  annexed  by  (ilenerals 
TclieiiiMiefT  and  Kaufmann  l)etween 
ISCiO  nnd  lSTr>.  a!id  now  known  as  the 
provinces  of  Sanian'and.  Ferghana. 
.ind  Syr  I>aria.  Area  al>out  :KS7.134 
si\\\uve  iwUes,  with  3,900,000  inbahi- 
\a\v\s. 
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>UB  NAVY  GUNS  IN  THE  CIVIL  WAR  AND  TO-DAY. 
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relative  efficiency  of  the  two  jcuns  is 
the  amount  of  energy  developed  per 
ton  of  the  weight  of  the  gun.  and  on 
this  basis  we  find  that  the  old  ir>-inch 
smooth-bore  gun  when  fired  with  100 
pounds  of  powder  developed  427  foot- 
tons  of  energy  per  ton  of  gun,  as 
against  872  foot-tons  of  energy  de- 
veloped by  the  modem  12-in(/h  rifle. 

If  we  take  account  of  the  durability 
of  a  gun  the  advantage  will  be  stronger 
on  the  side  of  the  modem  piece,  for 
whereas  the  15-inch  smooth-bore  was 
limited  to  twenty  rounds  under  the 
given  conditions,  the  modern  12-inch 
rifles,  judging  from  the  small  amount 
of  erosion  develoiwd  with  nitro-cellu- 
lose  powders,  should  have  a  useful  life 
of  at  least  half  a  thousand  rounds. 
Moreover,  it  must  l)e  remembered  that 
the  modern  elongated  shell  will  hold  its 
velocity  much  longer  than  the  old 
spherical  shell  of  the  smooth-bore,  and, 
consequently,  the  respective  muzzle  ve- 
locities and  energies  are  no  criterion 
of  the  respective  efficiencies  of  the 
guns. 


The  gun  of  1862  that  answers  to  the 
modern  secondary  batter^',  0-inch  rifle, 
is  the  Parrott  muzzle-loading  rifle,  a 
cast-iron  gun  which  was  strengthened 
at  the  breech  over  the  powder  cham- 
ber by  shrinking  thereon  an  iron  hoop. 
The  bore  of  the  gun  was  0.4  inches. 
It  weighed  4.35  tons,  was  12  feet  4 
inches  in  length  and  with  a  charge  of 
ten  pounds  of  powder  it  fired  a  100- 
pound  shell  with  an  initial  velocity  of 
1,080  foot-seconds  and  a  muzzle  energy 
of  810  foot-tons.  Compare  this  with 
the  modern  6-incb  rifle,  which  weighs 
8.5  tons,  is  25  feet  in  length,  and  with 
a  cliarge  of  40  pounds  of  smokeless 
powder  fires  a  100-i>ound  shell  with  an 
initial  velocity  of  2,900  feet  per  sec- 
ond and  an  initial  energy  of  5,838  foot- 
tons. 

Compared  on  the  basis  of  energy  per 
ton  of  gun,  we  find  that  the  100-i>oun<l- 
cr  Parrott  muzzle  loader  developed  18»» 
foot- tons  of  energy  per  ton  of  gun, 
whereas  the  modem  0-inch  breecli- 
loading  rifle  develops  784 V^  foot-tons 
of  energy  per  ton  of  gun. 


THE   PAY  OF   NAVAL 

An  Admiral  receives  ^13,5(K)  wheth- 
er on  sea  duty  or  on  shore  duty.  The 
first  nine  liear-Admirals  receive  $7,- 
,')(¥)  while  on  sea  duty,  and  $0,375  on 
shore  duty.  The  second  nine  receives 
$5,500  on  sea  duty  and  $4,075  on  shore 
duty.  A  Brigadier-deneral  Command- 
ant of  Marine  Corps,  receives  $5,500. 
The  Chiefs  of  the  various  Naval  Bu- 
reaus receive  $5,500.  Captains  of  the 
Navy  receive  $3,500  while  on  sea  duty 
and  $2,075  while  on  shore  duty.  T\w 
Judge  Advocate  General  and  Colonels, 
Marine  Corps,  line  and  staff,  receive 
$3,500.  Commanders  of  the  Navy  re- 
ceive $3,0<K)  while  on  soa  duty,  and 
$2,550  while  on  shore  duty.  Lieut.- 
Colonels,  Marine  Corps,  line  and  staff, 
receive  $.'J,(KK>.  Lieut.-Commanders  of 
the  Navy  while  on  sea  duty  receive 
$2,500,  and  while  on  shore  duty  $2,125. 
Majors  of  the  Marine  Corps,  line  and 
staff,  receive  $2.5(K».  Lieutenants  of 
the  Navy  receive  $1,800  while  on  sea 
duty  and  $1,530  while  on  shore  duty. 
(Captains  of  the  Marine  Cori)s,  if  they 
are  of  the  line,  receive  $1,800,  and  if 
they  are  of  the  staff,  $2,(K)0.  Lieu- 
tenants of  the  junior  grade  receive 
$1.5(M)  while  on  sea  duty  and  $1,275 
while  on  .shore  duty.  First  I^ieutenant 
and  loader  of  the  hand  of  the  Marine 
Corps  receive  $1,500.  Ensigns  of  th(» 
A/ir.r  rocoivp  ijilAf^i  on  sea  duty  and 
4^7, IfM)  on  ahoro  duty.     Second  L'uni- 


AND   MARINE   CORPS. 

tenants   of  the   Marine   Corps,   Chief 
Boatswains,  Chief  Gunners,  Chief  Car- 
penters and  Chief  Sailmakers  receive 
$1,4(X).      Midshipmen    in    other    than 
practice  ships  receives  $950.     At  the 
Naval   Academy   and   elsewhere  $5tMl. 
Chaplains  receive  $2,500  on  sea  duty. 
$2.(KK)  on  shore,  and  $1,000  on  leave  or 
waiting  orders.     Professors  of  Mathe- 
matics   and    Civil    Engineers    receive 
$2,4(H)  and  $1,500  when  on    leave  of 
absence  or  waiting  orders.    Naval  Con- 
structors receive  $3,200,  and  while  on 
leave    of   absen<'e   or    waiting   orders, 
$2,200.     Assistant  Naval  Constructors 
receive   $2,000,   and   $1,500   while  on 
leave  or  waiting  orders.     The  warrant 
officers,    boatswains,   gunners,   cari)en- 
ters,  sailmakers,  pharmacists  and  war- 
,   rant  machinists  receive  $1,2<X)  while  on 
:   sea  duty  and  $000  while  on  shore,  $700 
I   on  leave  of  absence  or  waiting  orders. 
Mates  who  were  in  service  August  1, 
1004,  receive  $1,200  for  sea  duty,  $im 
I   for  shore  duty,  $700  on  leave.     Those 
;   appointed  since  receive  $900,  $700  and 
I  $5(K)  respectively.     Tlie  monthly  pay 
i   of  petty  officers  and  enlisted  men  is: 
'  Chief  petty  officers,  $50  to  $70;  petty 
oflicers,   first-class,  $30  to  $05:   petty 
oflicers.  second-class,  $35  to  $40;  third- 
,   class  petty  officers,  $3i0;  first-class  sea- 
men, $21  to  $35 ;  second-class  seamen. 
[  $15  to  $30;  third-class  seamen,  $9  to 


CHAPTER    IV, 


THE    ARMY    OF    THE    UNITED    STATES. 


Twice  in  the  history  of  the  world 
we  have  had  an  example  of  large  bod- 
ies of  men  who  were  not  producers  who 
disturbed  economic  conditions  by  liv- 
ing at  the  public  expense.  We  refer 
to  the  enormous  monasteries  in  the 
middle  ages  and  to  the  standing  armies 
in  Europe  to-day.  It  seems  to  be  es- 
sential to  the  maintenance  of  the  in- 
tegrity of  a  number  of  the  countries 
of  Europe  to  keep  a  large  standing 
army — an  army  which  takes  some 
of  the  best  years  of  the  life  of  its  citi- 
zens, as  service  is  obligatory  to  all. 
ITiese  armies  are  supported  at  an 
enormous  expense  by  systems  of  tax- 
ation which  affect  the  poorest  as  well 
as  the  richest. 

The  question  of  the  standing  ar- 
mies of  Europe  is  a  problem  which  is 
rapidly  increasing  in  seriousness,  and 
there  does  not  appear  as  yet  to  be  any 
solution  of  the  difficulty. 

For  our  protection  we  have  to  re- 
ly upon : 

1.  The  Regular  Army,  which  re\>- 
resents  and  is  under  the  pay  of  the 
federal  government,  and  which  is  offi- 
cered :  1.  By  graduates  of  the  United 
States  Military  Academy,  who  at  pres- 
ent are  largely  in  the  minority.  2.  By 
the  promotion  of  meritorious  enlisted 
men  of  the  Army.  3.  By  the  appoint- 
ment of  civilians,  six  of  whom  are  an- 
nually selected  from  the  best  cadet- 
Kchools  of  the  country.  The  last  class 
is  at  present  most  largely  represented. 

The  officers  receive  commissions  at 
the  hands  of  the  President. 

2.  The  organized  militia  or  Na- 
tional Guard,  which  is  composed  ex- 
clusively of  State  troops,  and,  except 
when  called  into  the  service  of  the 
United  States,  is  under  the  command 
of  the  Governors  of  the  respective 
States.  The  officers  of  higher  grade 
are  appointed  by  the  Governors,  but 
the  other  officers,  from  Colonel  down, 
are  generally  selected  by  ballot  by  tlje 
troops  themselves.  The  National 
Guard  is  intended  primarily  for  home 
defense. 
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3.  The  Volunteers,  which  form  a 
branch  of  the  service  only  to  be  found 
in  time  of  war.  They  are  such  as 
offer  their  services  upon  the  call  of 
the  President,  and  are  officered  either 
by  West  Point  graduates,  by  officers  of 
the  National  Guard,  or  civilian  ap- 
pointees. 

Under  the  conditions  existing  in  the 
late  war  with  Spain,  members  of  the 
National  Guard  were  not  called  ui)on 
to  serve  in  their  capacity  as  State 
troops,  but  were  invited  to  enlist  in 
the  volunteer  service. 

The  term  of  enlistment  in  the  regu- 
lar service  is  for  a  i)eriod  of  three 
years,  which  term  is  fixed  and  not 
terminable  by  ihe  ending  of  the  war. 
In  the  volunteer  service  the  period  of 
enlistment  is  two  years,  but  this  term 
may  be  shortened  by  the  ending  of  hos- 
tilities. 

A  certain  proportion  of  the  officers 
of  the  regular  army  are  graduates  of 
the  United  States  Military  Academy 
at  West  Point.  New  York. 

By  Acts  of  Congress  approved  June 
i^,  l^KK),  June  28,  10(>2,  and  March  3, 
19C^3,  the  Corps  of  Cadets  as  now  con- 
stituted consists  of  one  from  each  Con- 
gressional district,  one  from  each  Ter- 
ritory, one  from  the  District  of  Col- 
uml)ia,  one  from  l*orto  Uico,  two  from 
each  State  at  large,  and  forty  from  the 
I'nited  States  at  large,  all  to  be  ap- 
pointed by  the  President  and,  with  the 
exception  of  the  forty  api)ointed  from 
the  T'nited  States  at  large,  to  be  actual 
residents  of  the  Congressioiuil  or  Ter- 
ritorial districts,  or  of  tlie  District  of 
Columbia,  or  of  the  States,  respeetive- 
ly,  from  which  they  are  appoiiited.  Un- 
d<»r  these  Acts,  and  under  the  appor- 
tionment of  Members  of  Congress  a<*- 
cording  to  the  12th  (^ensus,  the  maxi- 
mum number  of  cadets  is  522. 

Tlie  total  number  of  graduates  from 
1802  to  11)03.  inclusive,  is  4,214:  124 
members  graduated  June  15,  1004. 

Foreiirn  governments  can  have  ca- 
dets educated  at  the  academy  by  au- 
thorization ot  Congt^s^. 
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GR()l'i>   OF   OFFICKKS   AND   MI.N    SHOWINU    rNIlOHMS    WoUN    IN 

INITKL)   STATh>4   AKMV. 


1.  Major  off  EnjiineerH  in  i>livc-<inib  unifnnii. 

2.  Captain  of  Ordnance  in  oli  ve-(]rab  unifunn . 
X.  Private  of  Ckvalry  in  olive-ilrah  uniform. 
4.  F&ni  Bervaant  nf  Artillery  in  olive-iinib 

unfoffiD. 
5w  Private  of  Infantry  in  i>livf^-<l^lb  uniftimi 

■ad  dothimc  n>ll. 
tt.  Fifsl  BeriBant  of  C«valr>'  in  nlivcMlrab 


7.  Outpotal  of  Pnut  Artiller>'  in  olive-^lrab 

mnform  and  overcoat, 
ft.  Poet    Quartennanter^rgeant    in    ulive- 

oiab  Qiufonn. 
A.  Trumpeter  of  Ca\*alry,  mounte«l.  in  full- 

oieM  unifonn. 
10.  Cnlwiel  of  Infantry,  mounte<l,  in  full-f Iress 


11.  Ifajor-Qeaeial,    mounted,    in    fuIlHlresf) 

mnfoRn. 

12.  lieatanant-Golonel  of  Artillery.  Aiiie-<le- 

Gamp,  mounted,  in  fuli-<lresi«  uniform. 

The  commander-ill -clii«>f  is.  cx-officio. 
of  coune,  the  President  uf  the  Tiiited 
States. 

Like  the  grades  of  Admiral  and 
Vice-Admiral,  the  army  also  has  two 
grades — General  and  Lieutenaiit-( fun- 
eral. We  have  had  only  four  <ioii- 
erala,  Washington.  Grant.  Sht>rinaii 
and  Sheridan.  A  general  in  Hiipiiosod 
to  command  an  army.  An  ainiy  is  a 
Urge  and  organize<l  iKuIy  of  sohlii'rs 
generally  oompo8ed  of  infantry,  artil- 
lery and  cavalry,  coniplt»tely  armed  and 
provided  with  nof<*ssiiry  sion»s.  i*rr., 
and  the  entire  fon^o  Im  under  the  din'<*- 
tion  of  one  general,  who  is  calhd  rh.' 
••general-in-<*hirf,*'  The  army  is  suli- 
divlded  an  foIIowM:  tht*  grades  of  rank 
and  commands  appropriate  to  each 
grade  are  given. 

An  ■*army"  i«  divide<l  into  two  or 
more  conw  commanded  by  a  Majur- 
General.  A  "eorps"  is  •*the  lnr;resi 
tactical  unit  of  a  larire  army.  A  (-orp-^ 
19  usually  organize<l  with  sopnraM' 
staff.  Infantry,  eavalry.  ami  artillery 
regimentH.  as  well  as  auxiliary  s«'rvi 
CTS,  no  that  it  Ih  really  a  small  nnii\ 
complete  in  itwlf.  A  corps  is  nsiiMlly 
composed  of  three  diviMions,  eaeh  rom- 
mande<1  by  a  Mnior-fjeneral  or  a  P>.'iL'- 
adier-General.  A  "corpB"  is  also  .-niy 
body  or  department  of  an  a:'niy  wiruli 
in  not  detaHiefl.  luit  has  its  .)wn  oi- 
ganisation  and  h»nid.  as  the  "('nrp'^  ot" 
Engineer**. "  Kaeh  -division"  i<  «  "iii 
I>os<h1  of  three  brigadt>H.  and  tlierc  iimy 
lie  nn  ludejieudent  hrifrnfl**  "/*  tnvnl.y 


13.  Fin*t  SeDcennt  of  Infantry,  in  fuU-«l^e^>H 

unifiinn. 

14.  Captain  of  Cuvnlry,  diMnountetl,  in  full- 

drc's''  iiiiiforni. 

1').  BriKiulier-Cienond.   ilisniiiunte«l,   in   dre^s 
uniform. 

Pi.  Major,  Medical  Department,  dismounted, 
drr>s  unifonn  and  ra|>e. 

17.  ('f>riH>nd  of  Kngiiicer*,  full-tiro**  unifonn. 

15.  IMvate  of  Cavalry,  full-dress  unifonn. 
V.i.  Serfceaiit  «»f  Artillery  in  full-drosw  uniff>nn. 

20.  I'fist  Ciimmi.^oary-.^erKeant.  dress  uniform. 

21.  Lieutenant  of  Cadet",  l'.  S.  .Military  Aead- 

oniy.  full-tlre.os  unifi>nn. 

22.  Majt>r,   QuartonnaMer's    Department,    in 

fullnlross  uiiifonn. 

23.  Fir>t-<'la«s  Sergeant,  Siicnal  Conw,  in  full- 

dress  unifnnii. 

24.  Captain  C«la^•t  Artillery,  in  dre^s  unifonn 

and  overcoat. 

or  artillery  <*alled  the  <livi.donal  cav- 
alry oi  artillery. 

A  **brij:afh»"  consists  of  thr«*e  re^i- 
intMits,  though  then>  may  be  more,  and 
it  is  commanded  by  a  HriK-idier-CJen- 
»M'al.  and  sometimes  by  a  Colonel.  A 
"rejfimcnt."  vvhi«li  is  thi'  administra- 
tive unit,  is  commaiMle<l  by  a  (%>lonel. 
and  if  is  divided  into  twelve  comp.M- 
ni»*s,  (»ach  composed.  un<h»r  the  pres- 
ent law.  of  ji  maximtmi  of  l.")0  men  for 
th«»  infantry.  MM»  mrii  for  the  cavalry, 
a  total  of  IS.irjn  for  the  artiUery 
••orps.  Mild  l."Vi»  men  for  the  en;:ineci"s. 
A  "«omp;niy"  is  rommanded  by  a  Cap- 
t;iin.  Tw«»  or  more  coinjianles  form 
a  "baitalion."  and  the  battalion  is 
comm.'indcd   by  a   M:<jor. 

The  rel.ntivt'  rank  between  the  o(h- 
(••■rs  of  tli<*  army  an<l  njivy  is  as  f<d- 
lows :  (Ii'iieral  with  Arlmiral  :  Lici:- 
l«'nanl-<i«MH'ral  \\\\h  \'ic»'-Adiniral : 
.M!ijoi'-<;»  immmI  with  Kear-.\(lniiral : 
r»ri::adit'r-(iciM'rMl  with  (NuniModori  ; 
Coloiirl  with  t'aplain:  Licntcii;nii-<'«il. 
«»nel  Willi  ronmijiiMlcr :  Major  wi'li 
Licufoii;Mit-( 'oninian»l»  r  :  ruptain  with 
liieuii'iiMiit  :  l-'irst  Li»'iiii-Mjint  wiilj 
U'-niiMian!  (jiininr  ur.iih'i:  S»'roii«l 
liii'iit*  n:iiit    with    I-]ii<^i:;;i. 

The  pay  of  tlic  r»tli«-i'!'-.  in  a«live  se.*- 
vii"»»  is  :is  fiilldNVi :  I.i»'Ml(!j:iiii  (Ij'ihm-mI. 
.Sn.<MM>:  Major  (nil.. rrtl.  S7.r>(M»:  Hriu- 
a'liiM'-tJitMM'Ml.  .'<.%..'itMJ:  t'i.|oin'!..'<:i,.'>iM»: 

I.ifiit.'ii.uii-r<.]Mi..'i.    .s:;.<MM):     Major. 

SL\.";»M>:  M.Mint.wl  ('a  pi  a  in.  S'J.iMMi; 
C  'a  pi  ;i  i M    \ »n    (o» »\ ,   ^''X  ,>A^^^  \   wm'wvwwvwX 

Atljillant.     SX>iH\-.     Ye'i\u\e\\\'.\\     V\\\A\ 
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termaster,  $1,800;  First  Lieutenant, 
mounted.  $1,600;  First  Lieutenant  on 
foot,  $1,500;  Second  Lieutenant, 
mounted,  $1,500;  Second  Lieutenant 
on  foot,  $1,400.  All  of  the  officers 
from  the  Colonel  down  receive  addi- 
tional amounts  after  five,  ten,  fifteen, 
and  twenty  years'  service,  but  there  Is 
a  limit  to  this  amount ;  thus  the  maxi- 
mum pay  of  a  Colonel  is  $4,500  per 
annum.  The  pay  of  a  private,  wheth- 
er artillery,  cavalry  or  infantry,  is  $13 
per  month  for  the  first  and  second 
years,  $14  for  the  third  year,  $15  for 
the  fourth  year,  $10  for  the  fifth  year. 
After  five  years*  continuous  service 
they  receive  $2  per  month  extra.  For 
service  in  the  insular  possessions  20 
per  cent,  is  added  to  the  pay  of  officers 
and  enlisted  men. 

The  present  strength  of  the  regular 
army  is  about  3,800  officers  and  60,000 
enlisted  men ;  13,000  of  them  are  in 
the  Philippines.  This  does  not  include 
4.800  scouts,  who  are  paid  from  the 
Philippine  treasury  proper. 

The  policy  of  the  United  States  in 
having  a  small  military  establishment 
has  led  to  the  organization  of  a  large 
body  of  reserves,  which  are  known  as 
the  organized  militia  or  ''National 
Guard."  According  to  the  latest  ac- 
counts received  at  the  office  of  the  Ad- 
jutant-General in  1903  there  were  in 
the  National  Guard  of  the  various 
States  and  Territories  0,184  commis- 
sioned officers  and  107,422  non-com- 
missioned officers,  privates,  musicians, 
etc.,  making  a  total  of  116,606. 

Under  the  Art  of  Congress  approved 
January  31,  1903,  the  militia  consists 
of  every  able-bodied  male  citizen  of  the 
United  States  who  is  more  than  eight- 
een and  less  than  forty-five  years  of 
age,  and  is  divided  into  two  classes — 
the  organized  militia  or  National 
Guard,  and  the  remainder  to  be  known 
as  the  reserve  militia.  It  is  entirely 
optional  whether  eligible  citizens 
join  the  National  Guard  or  not. 
and  they  elect  their  own  officers,  but  it 
is  safe  to  say  that  this  body  of  reserves 
is  recruited  from  the  best  and  most 
patriotic  element  of  the  population  of 
the  United  States.  Congress  makes 
an  appropriation  each  year  for  the  sup- 
port of  the  militia  in  the  various 
States,  and  the  States  also  contribute, 
help  and  build  armorii^s,  as  the  re;:!- 
ments  are  really  intended  to  defend 
their  own  States  primarily,  altliough 
in  time  of  war  they  furnish  an  excel- 
lently drilled  body  of  volunteers.  In 
noarly  every  city    of  any    great    size 


I 


\ 


there  is  one  or  more  armories,  ami  in 
the  smaller  cities  and  towns  there  are 
separate  eompanies  which  have  ann<i- 
ries  or  drill  halls.  The  militia  in  eat  h 
State  is  divided  into  brigades,  regi- 
ments and  companies.  Under  the  act 
of  Congress  above  named  the  Presi- 
dent of  the  United  States  has  the  pow- 
er to  call  upon  any  of  the  military  or- 
ganizations of  the  States  for  national 
defense,  but  the  troops  are  usually 
utilized  by  the  Governor  of  the  State 
for  enforcing  the  State  laws. 

The  experience  of  the  Spanish-Amer- 
ican war  demonstrated  the  need  of 
what  is  known  in  foreign  armies  as  a 
General  Staff  Corps.  Accordingly, 
under  the  Act  of  Congress  approved 
February  14,  1903,  a  Chief  of  Staff 
was  authorized,  to  take  the  place  of 
the  commanding  general  of  the  army, 
and  a  General  Staflf  Corps  whose  du- 
ties are  defined  as  follows :  To  prepare 
plans  for  the  national  defense  and  for 
the  mobilization  of  the  military  forces 
in  time  of  war ;  to  investigate  and  re- 
port upon  all  questions  affecting  the 
efficiency  of  the  army  and  its  state  of 
preparation  for  military  operations ; 
to  render  professional  aid  and  assist- 
ance to  the  Secretary  of  War  and  to 
general  officers  and  other  superior 
comnmnders,  and  to  act  as  their  agents 
in  informing  and  co-ordinating  the  ac- 
tion of  the  different  officers  who.  un- 
der the  terms  of  the  act.  are  subje<*t 
to  the  supervision  of  the  Chief  of 
Staff ;  and  to  perform  such  other  mili- 
tary duties  not  otherwise  assigned  by 
law,  as  may  from  time  to  time  be  pre- 
scribed by  the  President. 

Under  this  act  a  number  of  officers 
were  detailed  in  the  General  Staff  for 
a  period  of  four  years,  and  the  corps 
was  organized  into  three  divisions, 
each  under  a  superior  officer,  with  the 
following  duties :  The  first  division  has 
charge  of  army  administration,  disci- 
pline, drill,  and  equipment;  the  sec- 
ond division  is  the  division  of  military 
information,  and  in  addition  has 
charge  of  military  maps,  military  at- 
taches and  the  War  Department  li- 
brary: the  third  division  is  termeil  the 
technical  division,  and  includes  the 
devising  of  plans  for  defense  and  of- 
fense, the  matter  of  sites  for  fortifica- 
tions, the  question  of  military  edu- 
cation, and  the  Army  War  College. 

This  article  has  l)een  revised  hy 
Captain  i\  D.  Rhodes,  IT.  S.  A.,  of 
the  (Jeneral  Stuff  Corps,  under  the  di- 
rection of  Major  W.  I).  Beach,  U.  S.  A., 
C\\Wt  ot  ^\\\i?t,  Second  Division. 
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NATION  RELATIVE  TO  THE  APPOINTMENT  AND  ADMISSION 
OF  CADETS  TO  THE  UNITED  STATES 
MILITARY  ACADEMY. 


APPOINTMENTS. 

Made. — Each     CongresHional 

and  Territory — the  District  of 

a  and  also  Porto  Hico — is  en- 

liave  one  Cadet  at  the  Acade- 

Jach  State  is  also  entitled  to 

o   Cadets   from   the  State  at 

id  forty  are  allowed  from  the 

States     at     larj^e.     The     ap- 

it  from  a  CongreHsional  Dis- 

t     made     ui)on      the     re<>om- 

)n       of       the       Congressman 

at  district,  and  those  from  a 

large  upon  the  rei-ommenda- 

the   Senators   of   the    State. 

y  the  appointment  from  a  Ter- 

i  made  upon  the  recommenda- 

he  Delegate  in  Congress.  Earjj 

ippointed   must    he   an   actual 

of  the  State.  I)istri<*t  or  Ter- 

•om  which  the  appointment  is 

ppointments  from  the  ITnitetl 
it  large,  from  the  District  of 
a  and  from  Porto  Rico  are 
'  the  President  of  the  llnite<l 
ipon  his  own  selwtion.  Tlie 
nent  of  the  Cadet  from  Porto 
made  by  the  President  on  the 
'udation  of  the  Resident  Com- 
r. 

er  of  Making  Applications. — 
ions    may    be    made    at    any 

•  letter  to  the  Adjutant  Gen- 
S.  Army,  Washington.  I).  C, 
the  name    of    the    applicant 

ipon  the  register  that  it  may 
ished  to  the  i)roper  Senator, 
ntative,   or   Delegate,    when    n 

occurs.  The  application  must 
the  full  name,  date  of  birth. 
nanent  abode  of  the  applicant, 
;  number  of  the  Congressional 

in  which  his  residence  is  sii- 

of     Appointments. — Appoint- 
re  required  by  law  to  be  made 

•  in  advance  of  the  date  of  ad- 
except  in  cases  when*.  l)y  ren- 

eath  or  other  cause,  a  va<  an*  y 
;vhich  cannot  be  provided  for 
h  appointment  in  advan<'e. 
acancies  are  filled  in  time  for 

examination, 
lates. — For  ea<*h  candidate  ap- 

there  may   Ik*  nominated   firo 
en.     The  jirincipal  and  ea«h  al 
will  re<*eive  from  the  War  De- 
t  a  letter  of  ai)poininieni.  and 


must  appear  for  examination  at  the 
time  and  place  therein  designated; 
those  previously  accepted  by  Academic 
Board  on  certificate  or  mentally  quali- 
fied, appearing  for  physical  examina- 
tion only. 

The  fitness  for  admission  to  the 
Acadenay  of  the  principal  and  the  al- 
ternates will  be  determined  as  pre- 
scribed in  paragraphs  10,  20  and  21, 
Regulations  U.  S.  Military  Academy. 

Should  the  principal  and  alternates 
not  qualify  for  admission  under 
the  provisions  of  paragraph  21,  they 
will  still  be  entitled  to  appear  for 
the  examination  prescribed  in  para- 
graph 19;  but  if  the  principal  fails 
to  appear  for  that  examination 
or,  appearing,  fails  to  qualify, 
then  the  qualifications  of  the  al- 
ternates will  be  considered  and  if  only 
one  has  met  the  requirements  he  will 
be  admitted :  if  both  alternates  have 
met  the  requirements  the  better  quali- 
fied will  be  admitted. 

The  alternates,  like  the  principal, 
should  be  designated  as  nearly  one 
year  in  advance  of  the  date  of  admis- 
sion as  possible. 


ADMISSIO.X   OF   CANDIDATES. 

Tlie  following  are  extracts  from  the 
regulations  of  the  Military  Academy 
relating  to  the  examination  of  candi- 
dates for  admission  and  will  be  strict- 
ly adher  »d  to : 

11).  Candidates  sele<'ted  for  appoint- 
Hicnt,  unless  ac<'epted  under  the  pro- 
visions of  paragraph  21,  shall  appear 
for  mental  and  physical  examination 
before  boards  of  army  officers  to  be 
convened  at  su<h  places  as  the  War 
Department  nmy  select,  on  the  first  of 
May,  annually,  except  when  that  day 
conies  on  Sunday,  in  which  case  the 
examination  shall  commence  on  the 
following  Tuesday.  Candidates  who 
pass  suceessfully  will  l)e  admitted  to 
the  Academy  without  further  examina- 
tion \\\)o\\  reiJorting  in  juTson  to  the 
Siiperintend»'nt  at  West  Point  before 
12  o'clock  noon  on  the  15th  day  of 
June  of  tlie  same  year. 

2().  Eaeb  Candida t(>  before  he  shall 
be  ad»nitted  to  the  .\ca<lemy  as  a  Ca- 
<let  niiist  show,  by  the  examination 
]irovi(l*'d  for  in  i>aragrapb  10  or  by  the 
methods   prescribM   vi\   v?ivtv^T^\\\\    -^^ 
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that  he  is  well  versed  in  the  followiDg 
prescribed  stibjeotB.  vii. :  IteadinE, 
writing,  apetiing.  EDglish  f-rammar. 
English  com  pox  it  ion.  Kngliah  litera' 
ture,  arithmetir,  alfiehra  through 
quadratic  equations,  plane  geometry, 
descriptive  geograph.v,  and  the  ele- 
ments of  physical  geography,  espec- 
ially tha  geography  of  the  United 
States.  United  Stales  history,  the  out- 
tines  of  general  hlKtory,  and  the  gen- 
eral principles  of  physiology  anil 
hygiene. 

21.  The  Academic  Board  will  con- 
sider and  may  accept  In  lieu  uf  the 
regular  mental  entrance  examinatiou : 

1st.  The  properly  attested  exami- 
nation papers  of  a  candidate  who  re- 
ceives his  appointment  through  a  puli- 
llc  competitive  written  examination 
covering  the  rnnne  of  BUbjecls  pre- 
Bcribeil  in  paragraph  20. 

2d.  The  properly  attested  certiBnilo 
of  graduation  from  a  public  hiah 
school  or  a  Slate  normal  school  in 
which  the  coui-se  of  study,  together 
with  the  requirements  for  entrance, 
shall  cover  the  range  of  subjects  pre- 
scribed in  paragraph  20. 

3d.  A  properly  attested  certificate 
that  the  candidate  is  a  regular  student 
of  any  incorjxi rated  <'ollege  or  uni- 
versit.v,  without  condition  as  to  any 
subject  mentioned  in  paragraph  20, 

Application  for  consideration  of  pa- 
pers or  certificates  shall  be  made  hy 
each  candidate  and  alternate  immedi- 
ately after  he  receives  his  appoint- 
ment. No  application  will  be  re- 
ceived after  March  IS  preceding  the 
regular  examination  prescribed  in 
Iiara graph  IS). 

CandidnleH  a<vepted  hs  nunlified 
mentally  under  the  provisions  of  this 
paragraph  shall  a]>l>ear  for  physical  ex- 
amination at  the  time  and  place  desig- 
nated in  their  letters  of  appoinlmenl. 

Inimeilinlely  after  n-portiug  to  the 
Superintendent  for  admission,  and  lie- 
fore  receiving  bis  warrant  of  appoint- 
ment, the  candidate  is  required  to  rtigii 
an  enEBgemenl  for  servii'e  in  the  fol- 
lowinc  form,  and  in  the  presence  of  the 
Superintenilenl,  or  of  some  officer 
depuli'd  by  him  ; 

"I.  - 


lary  Acadein)*.  I  will  serve  in  the 
Army  of  the  United  States  for  eight 
years,  unless  sooner  discharged  hy  c(hi]< 
pet  en  t  authority. 

"In  the  presence  of — ." 

The  candidate  is  then  required  to 
tnhe  >ind  BUl>s<'ribi>  an  oath  or  affino*- 
tion  in  the  following  form: 

"I. ,    do    solemnly    swear 

that  1  will  support  the  Constitution  of 
the  I'nired  States,  and  bear  true  alle- 
giance to  the  National  Goveronieni; 
that  I  wilt  maintain  and  defend  the 
Novereignly  of  llie  United  States,  para- 
mount to  any  and  all  allegiance,  sov- 
ereignty, or  fealty  1  may  owe  to  any 
Stale  or  country  whatsoever;  and  that 
I  will  at  all  times  obey  the  legal  or- 
ders of  my  superior  officers,  and  the 
rules  and  articles  governing  the  Ar- 
mies of  the  United  States. 

"Sworn  and  Rubscril>ed,  at .  this 

day   of nineteen    hundred 

and before  me. 


)   candidate 
under 


twentj-two  years  of  age.  or 
who  is  deformed,  or  afflii'ted  with  any 
disease  or  infirmity  which  would  reti- 
der  him  unlit  for  the  military  servii'e. 
or  wiio  has,  at  the  time  of  presenting 
himwif.  any  disorder  of  an  infectious 
cr  immoral  cliarnder.  Accepted  can- 
didates if  between  seventeen  and 
eighteen  years  of  age  should  not  fall 
below  five  feet  three  inches  In  height 
and  one  hundred  |)ounds  In  weight ;  if 
between  eighteen  and  nineteen  vears. 
five  feet  three  and  one-half  inches  in 
hi  igbt  an<i  one  hundred  and  five 
[lounds  in  weight:  if  over  nineteen. 
five  feet  four  inches  in  height  and  one 
bunilred  and  ten  jiounds  in  weigh;. 
Candidates  must  tie  unmarried. 

■h   candidate   must   on   reporliuK 


t  «'c> 


Toi 


with- 


r  of  information  as  to  th<< 
d  mentnl  ciamination  can 
iddrcssing  the  Secretary  of 


s  a  Cadet  of  the  Uiiiled  *S 
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I  of  the  tevenil  clasBes 
>ecember  and  Jane,  and, 
,  sQch  of  the  new  Cadets 
proficient  in  atadiet  and 
lect  in  conduct  are  given 
r  atanding  in  their  claas 
r  merits  entitle  them.  Af- 
lination,  Gadeta  found  de- 
iduct  or  studies  are  dis- 

tlie  Academy,  unless  the 
ird  for  special  reasons  in 
lid  otherwise  recommend, 
linations  are  held  every 
1  June  during  the  four 
ling  the  course  of  study. 
Btmction. — From  the  ter- 
:he  examination  in  June 
August  the  Cadets  live  in 
]  only  in  military  dutira 

and  receiving  practical 
ruction. 

extreme  cases.  Cadets  are 
'oe  leave  of  absence  dur* 
years'  course;  as  a  rule 
ranted  at  the  end  of  the 
s*  course  of  study. 


T  or  cADvrs. 

i  a  Cadet  is  $500  per 
ration  per  day,  or  com- 
retor  at  thirty  cents  i>er 
otal  is  $009.50,  to  com- 
his  admission  to  the 
rhe  actual  and  necessary 
mses  of  candidates  from 

0  the  Military  Academy 
to  their  accounts  after 
>n  as  Cadets.  There  is 
or  paying  the  expenses  of 
10  fail  to  enter  and  they 
ared  to  defray  all  their 

is  permitted  to  receive 
'  other  supplies,  from  bis 
*om  any  person  whomso- 

1  the  sanction  of  the 
It.  A  m08t  rigid  ohserv- 
regulation  is  nr^ed  upon 
id  guardians,  as  its  vio- 

make    distinctions    \w- 

whlch  It  is  the  especial 

i;  the  pay  of  a  Cndet  is 

1  proper  economy,  for  his 

;  must  keep  himself  su])- 
i  following  mentioned  ur- 

of  uniform  shoes ;  six 
orm  white  gloves :  two 
!e  Iielts;  *eiKht  wliit** 
•  night  shirtH :  twolve 
collars:  twelve  pairs  of 
niifs;    ♦eight    pairs    of 


socks:  *eight  pairs  of  summer  draw- 
ers: *six  pairs  of  winter  drawers: 
♦twelve  pocket  handkerchfefs ;  ♦twelve 
towels :  two  clothes  bags,  made  of  tick- 
ing; ♦one  clothes  brush;  ♦one  hair- 
brush :  ♦one  tooth  brush ;  ♦one  comb ; 
one  mattress ;  one  pillow ;  four  pillow- 
cases; eight  sheets,  two  blankets,  and 
one  quilted  bed  cover ;  one  chair ;  one 
tumbler:  *one  trunk;  one  account 
book ;  one  wash  basin. 

Candidates  are  aiUhorised  to  bring 
with  them  the  articles  marked  ♦. 

Cadetd  are  required  to  wear  the  pre- 
scribed uniform.  All  articles  of  their 
uniform  are  of  a  designated  pattern, 
and  are  sold  to  Cadets  at  West  I?oint 
at  regulated  prices. 


DEPOSIT   PRIOR   TO   ADMISSION. 

Immediately  after  being  admitted  to 
the  Institution,  Cadets  must  be  provid- 
ed with  an  outfit  of  uniform,  the  cost 
of  which  will  be  about  $100,  tohiok 
$um  must  be  deposited  with  ike  Treas- 
urer of  the  Academy  before  the  candi- 
date is  admitted.  It  is  best  for  a  can- 
didate to  take  with  him  no  more 
money  than  will  defray  hUf  traveling 
expenses,  and  for  the  parent  or  guar- 
dian to  send  to  "TAc  Treasurer  of  the 
U.  »V.  Military  Academy"  the  re- 
quired deposit  of  $100.  This  amount 
is  suflicient  to  equip  a  new  Cadet  with 
uniform  and  to  supply  him  with  all 
articles  and  books. 


PROMOTION  AFTER  GRADUATION. 

The  attention  of  applicants  and  can- 
didates is  called  to  the  following  pro- 
visions of  an  Act  of  Congress  ap- 
proved May  17,  188(5,  to  regulate  the 
promotion  of  graduates  of  the  United 
States  Military  Academy  : — 

**That  when  any  Cadet  of  the  United 
States  Military  Academy  has  gone 
through  nil  its  classes  and  received  a 
regular  diploma  from  the  Academic 
Stnflf,  he  may  be  promoted  and  com- 
missioned ns  a  8e<*oud  lieutenant  in  any 
arm  or  corps  of  the  army  in  which 
there  may  be  a  vacancy  and  the  duties 
of  which  he  may  have  been  judged 
competent  to  perform ;  and  in  case 
there  shall  not  at  the  time  be  a  va- 
cancy in  such  arm  or  corps,  he  may, 
at  the  discretion  of  the  President,  be 
promot;Hl  and  commlHsioned  in  it  as  an 
additional  se<'<md  lieutenant,  with  the 
usual  imy  and  nllowaiK'os  of  n  K(H*ond 
li'Mifenant,  until  a  va<*ancy  shall  hav- 
I>cn." 
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THE  NEW  SPRINGFIELD  MAGAZINE  RIFLE. 


The  new  Springfield  magaiine  rifle. 
which  has  undersoQe  its  preliminiry 
tests  with  very  gratifying  results,  vill 
take  the  place  of  the  Krag-Jorgensen, 
which  DOW,  for  several  years,  has  betn 
doing  excellent  service  in  the  I'tiiled 
States  Army.  We  present  a  photo- 
graph of  the  gun,  which  will  be  known 
as  Springfield  Magazine  Rifle  Model 
1!N)2,  and  also  a  line-drawing  whiih 
shows  several  sectional  views  of  the 
gun.  By  means  of  the  carefully  let- 
tered parts  a  good  idea  is  obtained  of 
the  details  of  the  gun.  The  weapon  is 
Bupplied  with  a  cleaning  rod.  which 
can  b«  partially  pulled  from  its  ptsfe 
below  the  barrel,  and  held  with  a  catch 
so  Bs  to  form  a  bayonet.  The  great 
advantage  of  the  rod  bayonet  is  that 
it  lightens  the  weight  made  up  of  the 
gun,  bayonet  and  bayonet's  scabbard, 
and,  by  dispensing  with  the  latter  two 
as  Bepaiate  articles  to  carry,  permiis 
the  soldier  to  carry  with  him  an  en- 
trenching toot  of  sufflcient  size  and 
weight  to  lie  serviceelde.  While  there 
is  some  diversity  of  opinion  as  to  the 
value  of  the  rod  bayonet,  which  is  con- 
sidered to  be  less  effective  than  the 
type  now  in  uae.  it  still  is  of  valiip 
ns  converting  the  musket  into  a  pike. 
Moreover,  in  view  of  the  growing  valni' 
of  the  entrenching  tool  and  the  ever- 
decreasing  opportunities  for  the  use  of 
the  bayonet,  the  substitution  of  an  en- 
trenching tool  for  the  latter  is  certain- 
ly in  line  with  the  recent  development 
of  field  operationa.  The  piece  is  cen- 
trally fed  by  means  of  clips,  each  of 
whicD  holds  live  cartridges:  and  it  will 
he  noticed  that  the  bolt  has  two  lugs 
instead  of  one  as  in  the  old  gun.  In 
a  recent  rermrt  of  tlie  Chief  of  Ord- 
nance the  trials  of  the  piece  are  spoken 
of  as  having  given  "very  satisfactory 
results."  The  chief  points  of  difference 
from  the  Krag-Jorgenaea  are  this  use 
of  two  lugs  in  jilace  of  one  for  holding 
the  bolt  against  the  rearward  pressure 
of  the  powder — the  increased  strength 
so  obtained  being  sufficient  to  allow 
of  an  increase  of  velocity  with  the 
Hame  weight  of  bullet,  from  2.0U0  feet 
per  second  in  the  Krag-Jorgenaen  to 
li,300  feet  per  second  in  the  new  piece, 
the  resulting  increase  in  muiile  energy 
iH'iiiE  from  1,052  foot-pounds  to  a.WJ 
foot-pounds.  The  Krag-.Torgensen  is 
callable  of  |ienelra1ing  45.8  Inches  of 
ivliiic  pine  iit  ii  distance  of  53  fwt. 
tthcrcax  tlic  new  wen|>on  penetrates 
.".4.7  inches  nt  the  Hnine  distance.     The 

striking  energy  at  1,000  yards  has  been 
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rnis(Ml  from  .'JlXt  foot-poiiiKis  to  44S. 
Other  <lata  roKanlhiK  tln»  now  pnvo  aiv 
its  fulIowH:  Tho  calilM'r  is  iVM):  ilw 
riHinj?  is  madp  up  of  four  f^rooves  of  a 
depth  of  t).0<>4  inch,  the  twist  Iwing 
one  turn  in  It)  imrhes.  The  bullet 
weighs  22()  grains,  wliich  is  the  same 
as  that  of  the  Krag-Jorgensen,  hut  the 
powder  charge  has  been  raised  from 
tilM  to  4.3.3  grains.  In  spite  of  the 
considerable  increase  in  its  iwwer  the 
weapon  has  been  greatly  reduced  in 
weight  :  for  while  the  prest»nt  service 
magazine  rifle  weighs  lO.tU  pounds, 
and  the  Mauser  10..")  pounds,  and  the 
German  military  rifle  11.54  pounds,  the 
new  weapon  weighs  only  J).47  pounds. 
It  follows,  as  a  matter  of  course,  that, 
with  such  high  velocity  and  fairly 
heavy  bullet,   the  trajectory  is  corre- 


siHjndingly  flat,  the  nmximiim  onlinatt 
of  the  1,<NK)  yanl  trajertory  being  only 
20.<;7  feet  as  against  26.8  feet  for  the 
Krag-Jorgensen,  24.47  for  the  Ml— r 
and  23.73  for  the  German  miUlHy 
rifle. 

In  addition  to  those  mentioned  alwif 
there  are  other  improvements,  Midi  u 
housing  of  the  magaiine  in  tlie  ilaek 
directly  below  the  chamber.  InitMd  of 
having  it  project  at  the  side  of  the 
gun.  and  there  are  many  chaniH  of 
detail  which  both  improve  tlw  itte 
and  cheapen  and  accelerate  its  fve- 
duction. 

In  closing  it  should  be  mentioMd 
that  the  new  gun  is  considerably  dMMt- 
er  than  any  existing  rifle,  and  Is  sa|j 
slightly  longer  than  the  military 
bine. 


NEW    SPRINGFIELD    MAGAZINE    RIFLE    CX)MPARED    WITH 
KRAG-JORGENSEN.     THE    MAUSER     AND    THE 
GERMAN     MILITARY     RIFLE. 


Data. 


(!^alil>er inch . 

KiflinK: 

Niiin))er  of  urooves 

I)ept.h  of  grcHives inch . 

TwiHt,  one  turn  in inches. 

Weight  of  bullet KrainH . 

Woight  of  charge grains. 

Weight  of  complete  cartridge grain:*. 

Initial  veli>city.  feet  jier  f*e«*on«I 

l{eni:iining  velocity  at  1, 000  vanl.<«. 


Muzzle  energy f(M>t-i>oiinds 

Striking  energy  at  1,000  yards.  .ffM  it -pounds 
Penetration  in  white  pine  at  53  feet,  .inches 
Weight  of  rifle,  incluiling  bayonet  and  s<'a) 

ban! ,,    )if)un(ls 

Weight  of  rifle,  inclu'ling  bayonet,  ."rahhan 

and  lUO  cartridges pounds 

rapacity  of  magazine ri»unds 

Maximum  ordinate  of  1000  yd.  trajectnry.  feet 


I, 


Springfield 

Service 

Maiver 

Gennaa 

Magasine 
Rifle. 

Magaiine 
Rifle. 

7  Mm. 
lUfle. 

MUitanr 

0.30 

0.30 

0.275 

O.Sll 

4 

4 

4 

4 

0.004 

0.004 

0.0049 

0.€M 

10 

10 

8.M 

0.46 

220 

220 

173 

2M.8S 

43.3 

37. G 

38.68 

41.3 

451.15 

438.85 

385.63 

430.84 

2300 

2000 

2200 

2146 

958 

901 

896 

906 

2.>Hl.rt 

1952 

1857.4 

21» 

447.9 

390.2 

307.4 

41S 

54.7 

45.8 

60.8 

0.47 

10.64 

10.6 

11.64 

15.91 

16.91 

16.18 

17. tt 

5 

6 

6 

20.07 

25.8 

24.47 

n.n 

THE  SIXTEEN-INCH  GUN. 


Tho  irrcat  HJ-inch  r2<>-ton  «un.  Imilr 
for  tho  rniiiMl  Sl.-iios  nt  tlic  \Vat»T- 
vlict  arsonal.  is  lU^i  foot  l<iii^,  ovtT  i\ 
f«'«'i  ill  dianx'tor  at  ilio  l)ro«»(li,  an<l  it 
lias  an  oxtronio  ran^r  of  ovor  twonty 
niilos.  Its  ])rojt'riil(>  woi^hs  l*,.'»7i> 
l»iiMiids.  and  rosts  .SMm  to  lire  iho  jjuii 
oin»'.  The  map  on  iiairo  lOH  will 
li'wo  ^raphio  illustration  of  tho  rauKo 
of  this  i:un.  If  lin>d  at  its  inaNiiniiiii 
elf'valion  from  tho  hattt-ry  at  tlio  sonih 
i'n<I  of  Ni'w  Yin'k  in  a  iinrihorly  <lir«*i- 
tion.  its  proji'i-iih*  wmild  pass  ov«'r  tho 
oily  of  N«'\v  Y(»rk.  ovi*r  <  I  rani's  Toml), 
S/ftnffn  Ihnvil.  /{ivordalo.  Mount  Si. 


Vincent.  Ludlow.  Yonkera,  and  woaM 
land  noar  Ilnstings-on-the-HudMMU 
nearly  twenty  miles  awa3\  as  shown  in 
our  map.  Tho  extreme  height  of  Iti 
trajectory  would  he  30,516  feet,  or 
nearly  six  miles.  This  means  that  if 
rik<''s  Peak,  of  the  Western  Heml- 
sphiM'o.  had  piie<l  on  top  of  it  Mont 
Hlanc,  of  the  Kn.storn  Hemisphere,  this 
u'un  would  hurl  itH  enormous  projectile 
so  hiu'li  .mIiovo  them  both  as  to  still 
ioav<»  spa<*i'  holow  its  curve  to  build 
Wa'ihiimton's  Monument  on  top  of 
.^Iont  l>lanc.  as  shown.  The  mo<lol. 
V^utto  \v\\,  wwA  v^-xXxWA^v^  at  St.  r^uiit*. 
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BANGE  or   SIXTEEN-INCH   OCN. 

Height  lA  panJnls,  S|  miles.      Weight  of  prnjaetil*,  S.ITO  pounds. 

Powder  charge,  178  pooude. 


SIXTEEX-IN'CH  aUN. 
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FX)REIGN   ARMIES. 


The  latent  particulara  relating  to  the  military 
China,  PIgypt,  Japan*  Mexico,  etc.,  from  Ilasell's 

ABY88IKIA.  I 

I 

The  organisation  is  feudal  in  character,  and 
the  constitution  is  by  provinces,  each  governor 
or  lias  having  a  standing  force  as  garrison 
and  at  call  in  case  of  war,  and  a  considerable 
number  of  retainers  not  embodied.  The  garri- 
son forces  united  constitute  the  new  army  of 
Menelik,  and  are  estimated  at  70,000  men. 
The  central  Cf)ntrol  is  weak,  and  there  are  no 
organized  divisions  into  the  three  arms,  as  in 
Europe;  but  the  forces  are  readily  groufied,  the 
mounted  men  forming  an  irr^ular  cavalr>', 
and  have  great  mobility.  Practically  every 
man  has  a  sword  and  a  rifle,  but  the  firearms 
are  extraordinarily  varied,  and  the  mounted 
troops  also  carry  a  javelin  or  spear.  They  do 
not  exceed  5,000  altogether.  The  guns  are 
mostly  adapted  for  mountain  work,  there  being 
about  50  modern  and  30  old  ones.  The  un- 
embodie<i  retainers,  who  may  be  likened  to  a 
militia,  number  about  140,000  men. 


ARGENTINA. 

The  army  is  sanctione<l  by  an  annual  vote, 
as  in  Great  Britain.  The  8tan<ling  force  and 
reserve  consist  of  120,0(X)  men  (18  battalions 
of  Infantry,  12  regiments  of  cavalry,  8  of 
artillery,  and  4  battalions  of  engineers).  Out- 
side these  are  the  National  and  Territorial 
Guard,  which  have  little  training.  Compul- 
sory military  service  (25  years  in  all)  was 
adopted  in  1901,  and  it  is  believed  that  500,000 
men  could  be  mobilised  in  case  of  war. 

Al.'STRIA-HUNGARY. 

The  active  army  of  the  Dual  Monarchy  is  an 
organisation  common  to  both  kingdoms,  and 
has  its  Krsats,  or  8Upi>lementary  Reserve, 
with  local  forces  for  Bosnia  an<l  Ilersegovina 
attache<l.  There  are  fifteen  anny  corps,  and 
certain  troops  in  the  military  districts  of  Zara 
in  Dalmatia.  In  a<lditi(m  are  the  Austrian 
I.«an(lwchr  and  Landsturm  and  the  Hungarian 
(or  Transleithan)  Landwehr  and  I^andsturm, 
known  as  the  Honved. 

During  1903  the  army  question  Tove  to  great 
prominence  between  the  national  parties  in 
Austria  and  Hungary,  and  certain  concessions 
were  made  to  the  latter  in  regard  to  the 
language  of  command,  regimental  colors,  and 
other  matters,  but  these  do  not  affect  the 
unity  of  the  army. 

The  fifteen  army  con>s  comprise  5  cavalry 
divisions  and  31  infantry  divisions*  of  the  act- 
ive anny,  and  on  mobilisation  a  Landwehr 
<livi.sion  would  be  attached  to  earh.  There  are 
406  battalions  of  infantry  (102  roginients  of 
the  line,  4  of  Tyrole.se  rifles  an«l  4  Bosnian,  and 
2f>  battalions  regular  rifles.  The  cavalry  on  .i 
Iieaco  f<M>ting  comprises  2.')2  >*quadron'<  (15 
refr'irnents  of  Dragoons,  11  of  Thlans.  and  16 
f>/  Hussaif),  nml  the  artillery  251  batteries. 


I>ower  of  the  countries  of  Europe.  AbysHinia, 
Annual  for  1904,  will  be  found  below. 

exclusive  of  18  battalions  of  fortress  artillery 
and  15  of  pioneers.  The  field  artillery  is 
formed  in  14  brigades,  and  a  group  r>f  3 
mountain  batteries  in  the  T>'rol.  On  a  fieace 
footing  there  are  224  field  batteries,  16  horse 
batteries,  11  mountain  batteries,  56  ammu- 
nition columns  (in  skeleton),  and  56  depots. 
The  war  strength  would  give  a  total  of  328 
batteries  (exclusive  of  fortress  units),  with  a 
total  of  2,464  guns.  The  Austrian  and  Hun- 
garian cavalry  have  won  the  admiration  of 
Kun)pean  soldiers,  and  the  Empire  unquestion- 
ably pos.ses8es  a  thoroughly  practical  mounted 
arm  fit  for  service  at  a  moment's  notice. 

The  following  table  shows  the  total  strength 
of  the  forces  in  1903;  but  it  is  believed  that  by 
embodying  all  classes  of  the  Landsturm  the 
dual  monarchy  could  put  3,000,000  men  in  the 
field. 


Field  Army 

T^andwehrand  Honveti 

Reserve  troops 

Fortre»*  tnmps 

Transport  Staff,  etc  .  . 
Lan<lsturm 


266.000 

51,000 

6.000 

7,000 

16,000 


687.000 

237.000 

192.000 

31,000 

393,<KID 


346.000    1.540,000 


The  Honvcil  ^national  Hungarian  array) !» 
subject  in  war  time  only  to  the  comnlan(le^ 
in-chief,  and  in  peace  time  only  to  the  Roj'ai 
Hungarian  jurisdiction. 

BELGIUM. 

The  Belgian  army  was  recently  reorganised 
a8  the  outcome  of  a  popular  agitation,  leading 
to  the  appointment  of  a  mixed  commimion 
which  prepared  a  scheme.  The  main  feature  ■ 
was  the  a  ioption  of  volunteer  enlistment,  with 
t!ie  purpose  of  bringing  about  a  progress^^^  ' 
decrease  in  the  annular  levy  by  8ubscrii>tion. 
8|)ecial  advantages  were  offered,  but  the  re- 
sult has  been  very  disappointing. 

The  establishment  on  Oct.  1st,  1903.  when 
the  recruits  were  embodied,  was  42,000  men, 
but  there  was  a  <leficiency  of  7 ,000,  owinff  to 
substitutes  not  having  been  found  for  men  who      ' 
had  been  absolved  from   service.     The  regi- 
ments wore  in  some  places  so  weak  that  train-      | 
ing   was  impossible.     The    nominal   liability 
is  eight  years  with  the  colors  and  five  in  the 
reserve,  an<l  the  recruit  contingent  is  13,300,      | 
the  volunteers  being  in  addition. 

The  composition   is  as  follows:  Cavalry— 
2  rcfciments  of  chasseurs,  2  of  guides,  and  4      | 
of    lancers.     Each    regiment    consists    of  4 
sciuadrons  act  i  ve  and  1  rewrve.     To  the  ahnve      i 
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men).  Artillery — 4  field  and  4  f<irtreMi 
regimentM  (in  all  204  guns).  Engineeni — 1 
regiment  of  3  battalions,  a  reserve  battalion, 
and  5  special  technical  companies.  1  nf antry — 
14  regiments  of  the  line,  of  4  battalions  of  4 
companies  each,  3  active  and  1  reserve  bat- 
talion; 1  regiment  of  grenadiers,  similarly 
organised;  1  regiment  of  carbineers  of  6  bat- 
talions (4  active  and  2  reserve),  and  3  regi- 
ments of  cha»9eur9-ii-'pied. 

The  Civic  or  National  Guard  is  under  the 
Minister  of  the  Interior  in  peace  time,  and 
numbers  approximately  45,000  men  reckoned 
as  "active,"  and  100,000  ** non-active."  The 
effect  of  the  new  law  cannot  yet  be  estimated 
fully. 

BRAZIL. 

Gradual  progress  is  being  made  in  the  re- 
organisation of  the  army,  but  much  remains 
yet  to  be  done.  The  strength  and  organisa- 
tion, given  in  the  official  Revista  Militar,  is  as 
follows:  staff,  28;  engineer  corps,  66;  general 
staff  corps.  124;  medical  staff,  163;  artillery 
staff,  62;  6  regiments  of  artillery,  2,562;  6 
battalions  of  artillery,  2,100;  2  battalions  of 
engineers,  862;  14  cavalry  regiments,  6,020; 
1  transport  corps,  202;  40  infantry  battalions, 
17,840;  total,  30,119.  The  troops  are  divided 
into  seven  military  districts,  the  moj't  import- 
ant being  Hio  Grande  do  Sul  (11,226  men). 

BULGARIA. 

Military  service  is  popular,  and  the  peasantry 
have  a  great  deal  of  excellent  military  spirit. 
The  officer  is  also  efficient,  and  the  Ciovern- 
ment  has  taken  very  great  care  in  selection 
and  training,  the  Russian  army  being  the 
pattern. 

The  forces  are  divided  into  three  categories: 
the  regular  army,  the  reserve  and  the  militia, 
and    all    Bulgarians    are    liable    for   personal 
service,  with  few  exceptions,  from  the  age  of  ! 
20  to  45,  substitution   not   being  i>ermitted.   ! 
The   country   is   clivicled    into    six   dtvi««ional  ' 
districts,  and  the  annual  contingent  is  about 
18,000  men. 

The  peace  strength  is:  infantrj',  l,300officers 
and  28,550  men;  cavalry,  200  officers  and  3,850 
men ;  field  artillery,  280  officers  and  5,020  men ; 
mountain  artillery,  45  officer*  and  900  men; 
fortress  artillery,  65  officers  and  950  men; 
engineers,  18  (>ffi<»ers  and  1,900  men;  transi>ort, 
20  officers  and  1  (K)  men :  total,  1900  officers  and 
41,3.30  men. 

The  total  war  strength  is  3.810  officers,  202,- 
500  men,  and  29,200  horses.  In  addition 
Bulgaria  can  count  upon  at  least  20,000  Komi- 
tajin,  a  force  of  semi-trained  and  exj)erienced 
guerillas.  The  infantrj'  arm  is  the  8  mm. 
Mannlicher  rifle. 

CHILE. 

The  army  does  not  excee<l  0.000  men.  in 

acconJance  with  the  law  of   Feb.   2d,    1892, 

nnd  the  formations  are:  7  regiments  of  in- 


fantry, 4  of  cavalry,  3  of  artillery,  and  a  corps 
of  engineers.  The  National  Guard  nnmben 
over  50,000  men. 

CHINA. 

The  Chinese  army  came  under  dose  ob- 
eervation  during  the  Boxer  Rebellion,  and, 
although  in  many  ways  it  gave  proof  of  want 
of  organisation,  it  was  reoognised  that  in  ar- 
mament, training,  and  the  things  that  go  to 
make  up  the  efficiency  of  the  army,  remark- 
able progress  had  been  made.  General  Frey 
who  commanded  the  French  forces  in  China, 
sa3rs  it  is  a  mistake  to  hold  that  the  Chinese 
Government  has  any  repugnance  to  the  crea- 
tion of  military  forces.  The  Emperor  is  said 
to  have  issued  an  ordw  extolUng  military 
discipline  and  disavowing  any  purpose  of  dis- 
armament, and  training  is  going  on  under 
Japanese  officers.  The  Black  Flags  are  now 
a  force  of  real  value. 

It  was  never  easy  to  ascertain  facts  concern- 
ing the  Chinese  forces.  Hiey  may  be  divided 
into  the  old  armies,  comprising  the  Imperisl 
or  Banner  troops;  the  new  armies,  composed 
of  troops  of  comparatively  recent  formation 
(since  the  war  with  Japan) ;  and  the  Mongc^ian 
and  Thibetan  Militias,  which  in  peace  time 
only  exist  on  paper. 

The  elite  of  the  old  armies  is  composed  of 
the  Shen-Che-Ying  or  Black  Flag  troops,  and 
the  Pa-Ki  or  Eight-Banner  men.  The  former 
are  .said  to  number  50,000  men  with  the  colors. 
Next  in  importance  to  the  Black  Flags  come  the 
Banner  men  of  the  army  of  Manchuria,  com- 
posed of  soldier-like  troops,  but  some  of  them 
still  armed  with  bows  and  arrows,  or  with  the 
old  jingal.  The  Banner  men  have  been 
estimated  at  something  like  300,000.  Ser\-ice 
with  the  Manchus  is  hereditary,  and  the  Banner 
men  are  still  the  chief  support  of  the  Ta-tsing 
dynasty.  The  army  of  Manchuria  must  be 
profoundly  affected  by  the  Russian  occupa- 
tion of  the  country.  The  Lub-Ying  or  Green 
Flags,  with  a  paper  strength  of  500,000  men, 
scattered  through  the  empire,  possess  little 
military  value,  and  as  now  organised  can  bo 
of  no  real  service. 

The  new  armies  consist  of  enrolled  or  con- 
script armies  (irregulars),  strength  about 
100,0(X)  men,  raised  at  the  initiati>'e  of  the 
viceroys  and  governors  of  provinces  in  the 
event  of  revolution  or  of  war  with  Europeans; 
and  the  active  armies,  dressed  like  Europeans, 
and  formed  of  the  best  men  drawn  from  the 
Green  Flag  Army — strength  210,000  men. 
These  troops  occupy  important  strategic 
points,  and  are  under  the  orders  of  the  pro- 
vincial authorities.  The  best  of  them  are  in 
the  province  of  Chi-Li,  where  the  army  was 
reorganiied  by   Yun-Hu  and  Lu-Chang. 

Before  the  Boxer  troubles.  Major  A.  E  J. 
Marshall,  of  the  British  Army,  one  of  the  best 
authorities,  summed  up  the  number  and  dis- 
))osition  of  the  whole  available  force  of  China 
tUus*. 
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nOBTINO  TROOPS. 

irian  Field  Foroe. fiO.OOO 

irimn  Iiregulara 50,000 

K  Bravw 125.000 

hun,  or  Disciplined  Troope. .  .    10.000 

205.000 


RESERVES    UNDER   ARMS. 

Field  Force 13,000 

Troops  in  Peking 75.000 

Troope  in  Provinces 95.000 

QC  or  Green  Flags 506,000 

689.000 


DENMARK. 

oe  is  obligatory  on  all  able-bodied  men 
ve  reached  the  age  of  22.     Term^  of 

eii^t  years  with  the  colors  and  eight 
ztra  reserve.  A  reorganisation  of  the 
army  was  introduced  in  1894,  and  the 
r  Biinister,  General  Bahnson,  calculate<i 
e  contingent  brought  under  training 
ten  yearly.  The  service  in  the  variouH 
IS  of  the  army  u  16  years;  but,  reckon- 
^ears  only,  and  allowing  for  waste,  the 
.  concludes  that  by  the  year  1910  Den- 
ill  be  able  to  mobilize  83.000  men,  uf 
>8,500  will  be  infantry,  5.000  cavalry, 
sld  artillery,  and  8,600  fortress  artillery, 
lly  effective  force  would  be  about  70,- 
kt  present  the  peace  strength  (31  bat- 

16  squadrons,  and  12  field  batterien, 
rtress  artillery  and  engineers)  is  13,750, 
xl  on  mobilisation  to  50,000. 

EGYPT. 

Elgyptian  army,  under  strong  leader- 
d  the  comman<l  of  British  officen*.  has 
sxoellent  quality.  All  the  inhabitants 
lie  for  service — six  years  in  the  army, 
;he  police,  and  four  in  the  ref^erve,  and 
"e  always  about  150.000  young  men  on 
s  for  conscription;  but  the  burden  is 
ht,  and  the  men  are  all  Helecte<l.     The 

are  recruited  from  the  fellaheen  of 
ta.     The  infantry  battalions  are  drawn 

from  the  fellaheen,  but  several  arc 
ese  blacks.  The  first  are  filleil  by 
>tion,  and  have  about  800  men  each, 

fellaheen,  in  6  companies.  The  in- 
conomyand  drill  of  the  recruits  is  ex- 

and  the  musketry  good.  The  ami  is 
rtini-Henry.  In  the  Soudanese  bat- 
the  service  is  voluntary.  This  force 
sed  largely  from  the  Khalifa's  black 
I,  but  men  from  Lower  Egypt  have  been 

artillery  is  the  force  that  shows  most 
ly  the  impress  of  the  Euroi>ean  train- 
he  horse  battery  has  Syrian  horses  and 
rupp  guns.  The  field  Viatt erics  have 
mountain  guns  carried  by  mules,  with 
d  line  of  camels.  There  is  also  a  hal- 
f  garrison  artillery,  organized  as  in  our 


The  Egyptian  Army  has  been  reduced  re- 
cently, owing  to  the  smaller  demand  for  its 
services,  and  some  of  the  Soudanese  have  been 
disbanded.  About  8,000  men  have  left  the 
colors.  The  command  is  vested  in  Major- 
Gen.  Sir  Reginald  Wingate,  with  the  title  of 
Sirdar. 

The  British  forces  in  Egypt  are  4  regiments 
of  infantry,  1  of  cavalry,  2  field  batteries,  and 
detachment 8  of  fortress  artillery  and  engineers, 
with  a  strength  of  5,482  in  1903-4. 

FRANCE. 

The  French  army  is  administered  by  the 
War  Departments,  or  Ministry  of  War,  with 
General  Andre  at  its  head,  assisted  by  a  mili- 
tary cabinet  and  the  chiefs  of  various  bureaux. 
The  chief  of  the  general  staff  of  the  army  is 
resiM>nsible  to  the  Minister,  and  controls  the 
directorates  of  infantry,  cavalry,  engineers, 
artillery,  finance,  etc. 

In  1904  the  effectives  with  the  colors  are 
estimated  as  follows:  29,000  oflScers,  520.831 
men,  and  142,474  horses,  being  a  diminution  of 
76  officers  and  6,228  men  as  compared  with 
1903.  The  establishment  will  be  515,600 
men.  The  smaller  number  embodied  results 
from  the  contingent  being  less  than  in  previous 
years. 

The  Active  Army  is  constituted  as  follows: 
652  battalions  of  infantry,  30  battalions  of 
chasseurs,  10  foreign,  20  zouaves,  24  Algerian 
tirailleurs,  1  Saharan  tirailleurs,  and  5 
African  light  infantry:  total,  742  battalions, 
13.370  officers.  24,432  non-commi.ssioned 
officers,  342.068  men:  tiital,  379,890.  The 
cavalry  form  31  regiments  of  dragoons,  21  of 
cha.Hseurs,  14  of  hussars,  13  of  cuirassiers, 
0  of  chasseurs  d'Afrique  (all  of  5  squadrons), 
an<l  4  of  Spahis,  variously  constituted,  num- 
bering in  all  448  squadrons,  3,891  officers, 
4,552  non-commissioncil  officers,  64,756  men: 
total,  73,199,  and  61.028  horses.  The  organi- 
zation of  the  artillery  is  as  follows:  field  bat- 
teries, 4.34;  horse  batteries,  52;  mountain  bat- 
teries, 22;  foot  (or  fortress)  batteries,  112: 
in  all.  620;  officers  and  men,  77,213.  The 
engineers  (including  railway  troops)  number 
7  regiments,  20  battalions  and  .3  railway  com- 
panies) with  telegraphists,  ballooning  troops, 
etc.,  officers  and  men,  13,420;  and  the  military 
train  has  20  squadrons  (com|)rising  72  com- 
panies), officers  and  men.  H.  167. 

In  relation  to  the  organization  given  above, 
it  must  be  note<l  that  owing  to  the  cla.ss  em- 
bodied in  November,  1903.  consisting  only  of 
196.000  men,  as  compared  with  238.000  en- 
rolled in  the  previous  year,  it  has  been  decided 
to  abolish  t>8  companies  of  the  fourth  battal- 
ions of  regiments  which  ha<l  n<»t  been  com- 
I)letely  fonne<l.  These  fourth  battalions 
were  rai«<o<I  in  1897.  and  could  only  Ijc  pro|>er- 
ly  organize<l  in  93  out  of  H.*)  sulwlivisional 
regiments.  In  .  coui-equeuc.e  vA  \.\\^  V-a.V^'A. 
'  abolitioQ  there  remain  oiAv  Vi^  Vo\ic\.\i  \i^\X^- 
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ioiw,  not  including  the  18  belonging  to   diii- 
trict  ragimentH,  which  are  all  up  to  strength. 

The  forces  are  organised  in  20  army  corps, 
exclusive  of  the  Paris  garrison;  their 
headquarters  being  at  Lille.  Amiens,  Houen, 
lie  Mans,  Orleans,  Chalons-sur-Mame,  Besan- 
con,  Bcmrges.  Tours,  Hennes,  Nantes.  Limoges 
Clermont -Ferran«l,  Lyons.  Marseilles,  Mont- 
l>elier,  Toulouse.  Uonleaux,  Algiers,  Nancy. 

A  proix>sal  is  liefore  the  French  parliament 
for  re<lucing  the  |)eri(Kl  of  serA-icc  with  the 
colors  to  two  years,  and  it  is  the  general  opin- 
ion that  the  measure  will  become  law.  It  is 
pro|M>sed  to  enilxxly  a  considerable  numl)er  of 
re-enliste<l  men  in  order  to  make  gcMxl  the 
deficiency  that  will  arise. 

I'nder  the  existing  rules  every  Frenchman 
should  serve  three  years  in  the  active  army, 
ten  years  in  the  reserve  of  the  active  army,  six 
years  in  the  territorial  army  and  six  years  in 
the  reserve  of  the  territorial  anny.  For 
administration,  training  ami  mobilisation,  the 
unitH  of  the  territorial  army,  as  well  as  the 
active  reserve,  are  attached  to  the  corresp<ind- 
ing  units  nt  the  active  anny.  The  reserve 
trrM>pi4  are:  14.5  infantry  regiments.  30 
chasseur  buttalionH.  '.iH  cavalry  regiments 
formed  with  the  line  and  light  cavalry  regi- 
ments of  the  rorps  cavalry  brigades,  41  other 
s(|ua<lrons  fonnod  with  the  divisionxU  cavalry 
regiments,  and  2ir»  batteries  of  field  artiller>'. 
12  to  each  artillery  brigade.  The  territorial 
forces  are  145  battalions  of  infantry.  7  of  rifles. 
10  of  souaves,  40  buttery  groups  of  field 
artillery  and  Ki  of  foot  artillery.  21  battalions 
of  engineers,  and  19  squadron>  of  train.  There 
are  special  dL-^posit  ions  in  regard  to  some  army 
corps,  and  u  large  nunilH^r  of  battalions  and 
iiidopoiulent  companies  are  employe<l  in  the 
custom-*  aiMJ  for<">t  HTvii-c.  In  regard  to  the 
)o<-ali7.atii>ii  of  th<'  tr(>op>.  it  should  l>c  note<l 
thiit  a  large  for«-c  is  <juartcn*<l  on  the  (icnnan 
fnmticr.  wluMt'  the  lith  corp^  ha.-«  I)C<mi  divided 
into  two,  and  a  new  corfjs  thus  created.  The 
reH»rve  of  the  active  arujy  ineiinles  tibout 
l,.'i2(),(MK)  men,  ami  the  Territorial  .\rmy  aiul 
it<  re-erve  ab(.ut   2.270. (MM). 

It  h:i>  l>eeM  e><tiinated  that  the  Treiich  army, 
with  its  various  reserve  ami  territorinl  force.-, 
iiu'iiides  ,'{,.'>(H),(KK)  trained  men  on  a  war  f«>«»t- 
inK.  and  that  4,(KM).(KX)  iintraineil  men  iniKiit 
1m'  embodied. 

The  I'reneh  (>oii»nial  .innx  h:i-  iK'eii  iiroU(;ht 
under  the  authority  of  the  Mini>try  of  War. 
an<l  (•oini)ri-<**'  <•  brigade-  of  infant r\".  12  b;it- 
talion-of  fielii  artillery.  t»  mountain  batterie-, 
and    12  Karri-on  batterie-. 

In  Madatra-rar  and  Indo-China  are  10  b:it- 
talionx  <»f  I'retu'h  an<l  IK  jiiittaHon"!  <»f  n.ative 
infantry,  and  4  field,  (>  mountain,  and  .'•  irarri- 
-on  batteri<*s:  in  We>»t  .Vfrlt-a.  2  l'ii'in-h  and  S 
native  |iattalii>ii-,  2  imiuntain  :ind  '.i  uarn~<tn 
batteries;  in  Martinique.  7  Irench  'iml  U) 
nati\-e  battalion-,  and  2  field,  .'i  nuiun.ain  an<l 
3  giirri.«<on  batteries;  ami  in  various  other  sta- 


tions some  6  Fmnch  and  3  native  battaboiui, 
with  1  mountain  and  5  garrison  batten». 
For  some  time  past  France  has  been  rtreiigtb- 
ening  her  military  forces  in  French  IndiH 
China,  where  there  are  now  at  dispotal  3 
brigades  of  tnwps  in  actual  existence,  with  a 
reserve  brigade.  The  approximate  strength 
of  the  native  forces  in  the  colony  is  as  follows: 

French  infantry,  3  regiments.  . . .  3,000  men 
Foreign  Legion,  4  battalions  ....  3.000   " 
Native  infantry,  6  regiments  ....  18.000   * 
"Milice   indigene"    (native    con- 
stabulary)   10,000   " 


Total  of  infantry 34,000  " 

GERM  ANT. 

The  administration  and  command  of  the 
army  is  exercised  through  the  great  general 
staff,  a  most  powerful  and  efficient  oiganixs- 
tion,  by  which  the  work  of  the  army  is  pre- 
pared for  in  i>eace  and  molded  in  war.  It  ii 
at  unce  a  close  and  yet  flexible  organisation, 
which  permeates  the  whole  structure  of  the 
army,  consisting  for  Prussia  of  about  200  offi- 
cers. Nearly  100  of  these  are  detached  on 
service  with  the  staffs  of  corfw  or  divisions 
while  the  remainder  constitute  the  great  gen- 
eral staff  in  Berlin.  There  is  constant  inter- 
change between  regimental  work  and  staff 
work,  and  between  the  latter  locally  and  with 
the  headquarters  .ntaff  in  Berlin.  Scarcely 
any  regimental  officer  rises  high  in  his  con-** 
without  having  been  called  to  staff  service: 
.so  that  the  iileas  of  the  staff  arc  based  uixm 
practical  ex|>erience,  and  react  upon  the  w)M>lf 
army,  to  which  they  come  as  a  kind  of  tradition 
of  duly  and  policy,  sharpening  and  directing 
the  life  and  work  of  the  army.  Recently  the 
inspection  of  the  cavalry  and  artiller>'  hu 
Ijeen  improved. 

'I'he  forces  are  organised  in  22  army  corp^. 
and  compri.Me  625  battalions  of  infantry.  4h2 
squadrons  of  cavalry,  754  batteries  of  artil- 
lery, 38  battalions  of  foot  artillery,  25  bat- 
talions of  pioneers,  11  battalions  of  Army 
.Service  tns^ps,  and  23  battalions  of  train, 
with  a  rteace  strength  of  495,500  rank  and  file, 
exclusive  <if  one-year  volunteers.  The  estab- 
lishment is  given  as  620,918.  The  contingent 
aTinually  emb(Mlie<i  approaches  275,000  men. 
The  .-erviee  in  the  standing  army  is  of  ."ix 
year-',  two  <>(  these  with  the  colors  in  the  in- 
fantry and  three  in  the  cavalry  ami  horse  ar- 
tillery, and  the  rest  in  the  reser\-e.  After 
ijuitting  the  reserve  of  the  Active  Army  the 
-••Idier  pas-<'s  five  years  in  the  Landwehr  ami 
-<*\  en  in  it«*  re-orve.  The  recruiting  ser\'ice<'f 
tlieCiiard.  eonisting  of  tl>e  tallest  and  finest- 
loiikioK  men.  i-  oarrieil  out  by  a  ci>mmitiee. 
cMii-i-tiiiK  iif  offii'crs  s|>ecially  nominated  f«»r 
till' pun  •«'-<*•  I'nder  the  system  of  recruitiuit 
there  are  :ih\ay.-  more  men  than  are  necessar>- 
to  ke*'p  up  the  army  strength,  the  sur|»lu'« 
eonctituting  the  Krsats  Reeerve. 
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Bngth  upon  mobilixation  ia  entimatecl 

00  infantry.  151 ,000  cavalry,  329.000 
78.000  technical  troops,  168.000  oth- 
lionii,  making  a  total  of  3,036.000 
len. 

GREAT    BRITAIN. 

the  new  nyrtem,  the  British  Army 
orfcanixed  in  Army  Corpn.  It  wan 
to  form  six  of  these,  but  up  to  the 
me  only  four  have  been  const  itute<l. 
;anixation  of  a  British  Army  Corps  'm* 
: — Infantry,  25  battalions;  artillery. 
— vi«.,  18  batteries  of  ficl<l  artillery, 
ries  horse  artillery,  three  batteries*  of 
,  and  three  batteries  of  4.7-in.  icuns. 
i  batteries  have  only  four  Runs  each, 
hers  six.  The  cavalry  of  an  Army 
udes  two  regiments,  one  immediate- 
k1  to  the  Divisions,  the  other  to  the 
brps  troops,  and,  in  addition,  for 
of  peace  organization,  there  is  a 
irigade  of  three  regiments  in  each 
rps  command. 

al  organisation  of  the  Army  Corps 
loes  not  supersede  that  of  the  older 

1  districts,  of  which  there  are  67, 
sr  the  command  of  a  colonel.  The 
1  district  is  the  recruiting  ground  of 
al  regiment,  with  which  are  linked, 
battalions,  the  militia  and  volunteer 
lin  the  area;  and  the  reserve  men  are 
§  of  their  respective  territorial  regi- 
rhe  Royal  Artillery,  through  9  re- 
areas,  and  the  Royal  Kngineen«, 
he  commanding  Royal  Engineer  in 
ict,  have  also  a  territorial  organizu- 
this  is  not  the  case  with  the  Cavalry. 
9  special  recruiters  or  staff  officers 
I  various  districts.     In  theory,  one 

of  each  Infantry  regiment  is  at 
a  feeder  for  the  other  abroad;  but 
«  this  system  has  never  l)een  uni- 
aintained,  and  was  completely  dis- 
y  the  war  in  South  Africa.  The 
vice  and  several  departmental  corps 
if  the  organization, 
ilowing  is  the  organization  of  the 
irmy  according  to  the  units  of  each 
le  service.     The  strength   is  given 


old  Cavalry  .  .  .  .Regiments         3 

'  of  the  Line.  ...       do  28 

Artillery Batteric.-<  30 

rtillery do  1 .58 

.in  Artillery  ....        do  II 

n  Artillery Companies  1 1 1 

engineers do  10()i 

jards Battalion.^*  10 

y  of  the  Line. .  .  .        do  lUl 

«rvice  Con>s.  .  .  .Companies  72 

edical  Cor|>s  ...       do  .*>('» 

>rdnance  Corps  .       (lo  24 

m  to  these  are  Colonial  Corp"  and 
Fantry  in  Egypt,  Barbados.  .I:iiiiiiica, 
Malta.  West  Africa.  Mauritius. 
!hina.  and  Hong  Kong,  the  h^traitM 
ts,  etc. 


The  Army  Reserve  is  a  vital  element  in  the 
Army  organization,  the  Rei?erve  men  being 
liable  by  the  terms  of  their  agreement  to  gen- 
eral service  with  the  arms  in  which  they  were 
enrolled  v/ith  the  colors.  The  Reser\'e  was 
profoundly  affected  by  the  war  in  South  Africa, 
and  the  general  mobilization  of  the  force 
showed  that  the  force  could  be  relied  upon. 
Re.ser\'ists,  who  have  served  their  period  with 
the  colors,  and  who  are  of  the  best  soldiering 
age,  and  available  for  service  if  required,  are  an 
excellent  net  of  men.  The  reserve  men  are 
|)ensioners  of  the  respective  territorial  regi- 
ments, and  look  to  the  officer  commanding  the 
district  as  their  commanding  officer. 

The  establishment  as  at  present  authorized 
is  80,000.  Subsequently  to  the  war  men  have 
been  drafted  in  large  numbers  to  the  Reserve, 
and  the  numbers  increased  by  18,288  between 
Jan.  1st  and  April  1st,  1903.  The  Reserve 
compri.Hes  Sections  A,  B,  C  and  D,  the  B  sec- 
tion being  the  most  important,  comprising 
all  who  have  enliste<l  for  short  service  and  have 
discharged  their  active  duties.  The  following 
was  the  strength  of  the  hcveral  sections  on 
Jan.  1st,  1903:  A.  328;  B,  28.759;  C,  697;  I). 
3081:  total,  32,86,'>. 

A  new  scheme  for  t  he  enlistment  of  railway 
employ<^  into  the  Reserve,  through  the  agency 
of  the  Engineer  and  Railway  Volunteer  Staff 
(>)rps,  and  under  the  direct  supervision  of  the 
commandant  of  that  corfis,*  has  borne  fruit, 
and  bids  fair  to  be  a  success. 

A  further  reserve  force  connected  with  each 
regimental  district  is  the  Militia  Reserve,  to  be 
embodied  with  the  Militia  upon  mobilisation. 

MILITIA. 

During  the  Boer  War  the  Militia,  though  it 
was  kept  in  the  background,  accomplished 
what  no  other  branch  of  the  army  could  do. 
Without  external  aid  it  provided  a  large  num- 
ber of  organize<l  and  completed  battalions  for 
home,  foreign,  and  active  .service,  thus  main- 
taining its  old  traditions,  and  demonstrating 
its  high  value  among  the  military  forces  of  the 
Crown.  The  service  upon  the  lines  of  com- 
munication was  most  arduous.  The  Militia 
is  a  force  of  veVy  old  standing,  the  purpose  of 
which  is  to  provi«le  a  bmly  of  trained  men, 
available  in  case  of  need  or  of  imminent  nation- 
al danger,  to  HUi)plement,  sup|>ort,  or  relieve 
the  regular  army  at  home  and  on  the  Medi- 
terranean .«tation.s.  There  are  in  all  124  In- 
fantry battalion.s  attached  to  the  Line  regi- 
ments. 32  con^s  of  (larrison  .\rtillery.  3  Field 
Hatteric-*.  2  f<»rtres-*  r<)ri)s  of  EnRineers,  10 
divi>it)n««  of  Submarine  Miners,  and  2  com- 
I>anies  of  the  Me<lical  Staff  Con>«'.  The  Malta 
regimen*,  ^ome  colonial  corps,  ond  8  Channel 
Island  regiments  are  in  arMition.  It  ha.s  often 
acted  a-s  a  foe<ler  to  the  Regular  Army,  and, 
under  the  territorial  .system,  this  has  come  to 
l>c  rcKarde<l  jls  its  chief  function.  A  very  large 
!mjid)er  of  m\\\V\tt  tw^tvyvX.-?.  ^.t^  «\'«t"vj  's^'*''^ 
transferreil  to  the  Vu>c — a.^  uv«Av>r,  \\\^«^\,  ^^^ 
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<iiM*-ihinl  of  the  whole  numl>er  eiilistetl — and 
tho  fon'P  \»  u  chaiiiu'l  thnmich  which  many 
roininiMsionH  are  annually  Kained  in  the  regu- 
lar Aniiy.  TIiIn  hystoni  Is  to  \ye  continue*!. 
Creat  ilis.sati.''f act  ion  was  felt  owinic  to  the  re- 
lent i(»ii  of  Militia  battalion!*  for  ho  long  a  T>eri(Kl 
in  South  Africa,  whereby  a  real  hanlnhip  wan 
inflicted  upon  oflTicers  and  men,  and  the  fcelinjc 
in  Kcncnil  in  the  force  that  it  in  neglected. 

The  Militia  recruit  is  enlisted  for  mx  years, 
anil  may  Tv-eunaiffi  if  under  45  yean*  of  age 
for  a  further  |»eriod  of  four  yean*.  Recruits 
an;  liabh>,  at  any  time  after  enlintment.  to  he 
asiveinbltsl  for  preliminary  drill  for  such  T)ericHl, 
not  exceeding  six  months,  as  may  he  directe<l, 
from  time  to  time  by  the  Secretary  of  State 
for  War.  liri^ade?'  and  regiment m  are  called 
out  annindly  for  27  days'  1  mining,  which  may 
Im'  exteiidiHl  ti>  rHi  days  if  deemed  exi>e<lient. 

The  Ixird- Lieutenant  of  a  c<iunty  recom- 
mtMifis  to  the  runsideration  of  the  Secretary  of 
Kt:i1c  for  War,  for  submission  to  His  Majesty. 
tlu<  names  (»f  c>an<lidat(*s  for  first  appointment 
to  Commissions,  connnaniling  officers  being 
ilirerled  t<»  assist  him  in  the  selection  if  ralle<l 
upon.  V**T  sulmltern  ofiii*ers  in  the  Militia, 
riiTidi<l;itcs  must  Im»  •'cvcnli'en  years  of  age  or 
upwards.  The  ap)>oiii(iiicnt  of  officers  ns 
rapt:i*M>«  :ind  field  offirers  i><  r(M>ommended  by 
the  Miliiia  coiiiinamliiig  oflicer  dire<^t. 

The  N<;w  Militia  Kescrve,  t«>  l)e  formed  as  a 
"|{es«'rvc  l)ivi><!(in  (if  the  Militia."  wasauthor- 
iwd  by  a  l{«iy«I  Warrant  (IVb.  4th.  10()3>. 
under  the  Miliiia  and  Ve«imaiiry  ut-t,  1M<)2,  and 
ha."  :iii  c^lablislimeiit  of  Til). (MM).  It  is  intcml- 
ed  to  raise  the  force  in  round  numlH'rs  from 
l(N),(MM)  lo  ir>(MMN),  and.  in  order  to  stimulate 
reciuit  111^,  iiii'ii  j-iiniiig  fioni  the  garrixm 
l;e(fiiiifiit  HTri\<'  SHO  annually,  antl  other  men 
S'J.l.'>t).  with  (piarltM-  and  rations  during  train- 
injr.  Till*  ananjM'iiMMil-  f<»r  musketry  training 
are  f"  III- MMTi-M-rd  Mi-iioftlic  KcHTve  Divi 
-iiMi  an-  lialili- lo  s«'r\i*  with  the  Militia  when- 
I'M'j  iliai  I'Tcr  1- eiiiboilir.l  li\  procl.ainat ion. 

I  III-  -I'rvui—  ot  till-  Iiiipcrwil  ^"<■olIlau^y  in 
Sonlh  Vl"ri(  :i.  in  tin-  tiritani/ai mn.-  of  which  the 
iiM  ^'I'onianiy  <";i\alr\  plaved  a  \crv  lar^e 
part  'all lioiu'.h  in  t iii'  act nal  i-oin|io.»it ion  of  the 
forci*  the  ii'Lriiiar  ycoincn  fornie<i  onl\  about 
oiii>-tifth  of  tJM'  liilal  -irrnirt Id.  cau-ed  the 
iinlitary  aulhoritu's  to  n-otjranii'.e  ihi-  force. 
An  Aimy  (ii.li-inf  \pril  ITili.  I'.fOl,  pn»vi.k*d 
lliiit  it  •lioulil,  ill  t'uinn-.  Iii>  iMitiili>i|  tlic  "Iin- 
|ii'ii:il  ^'conl.■lnIy."  and  i  h.il  1 1n*  bi  i^'a-lc  oi^ran. 
i/aiion  -liouiil  bi;  al>oii-hc>i.  ami  tlio  foicr  In* 
ornaii:/ri|  in  ri'K:in<Mit-  ol  four  -ipiadion-,  with 
a  nn:ini<"iiial  -ta?T  and  a  niachim'-trnn  -rr'am. 
riie  opilcr  ini-lud«>d  i  nle<  a<  To  iMlicicnrv,  ili  ill-. 
:ind  pay.  Ihirinir  the  prrio«l  of  training,  and 
under  foiiiliiioii-  laid  doun.  the  ilaily  pay, 
iiM'lii'ling  rati.in  allowarn^e.  varie-  fi'iMH  ."JI.l^o 
in  tlir  ca.-r  of  a  pri\a'e  to  >J.:iS  in  ila*  i-a-e  of  :i 
n-pinicntal  -f!variti:i-ijor .  wiili  |>.  adihtional 
when  a  n«in-r'tninii>^ioiieil  'illicer  acM-  a- 
ipiarirriiia^ri'r.  It  wax  aUo  announced  that 
aitjT  Uit.  ;jJ-t.  19t)l,  all  corps  of  Volunteer 


light  bone  and  Volunteer  companioi  of 
mounted  infantry  would  he  dinbanded  or 
merged  into  iKiuadron^  of  the  Impoisl 
Yeomanry.  The  number  of  regimentJi  m  fir 
constituted  is  52.  A  Committee  on  the  or- 
ganixation  of  arms  and  equipment  of  the  Yeo- 
manry Force  reported  upon  the  nibject  in 
Jaimary,  1901,  and  it  was  decided,  under  the 
new  Army  scheme,  to  provide  the  Yeomanry 
with  rifles,  to  i^xe  tbem  extra  pay  as  indicateii  . 
above,  with  horee  alloivmnce  of  $25  and  to 
raise  the  force  to  35,000  as  Imperial  Yeonumry 
intended  to  furnish  mounted  trfx>ps  for  borne 
defenite.  while  Colonial  Yeomanry  are  to  be  1 
affiliated  for  Imperial  services.  There  i*  a  I 
sch(x>l  for  instruction  for  officers  of  Imperisl 
Yeomanry,  with  a  lieutenant'-colonel  as  coi&- 
mandant  and  a  staff  of  66. 

THE   VOI.UNTCEIta 

Volunteer  corps  are  raised  under  the  Vnlun* 
teer  Act  1863  (26  4c  27  Vict.,  c.  65).  They  arr  | 
subject  to  the  provisions  of  that  Act  and  any 
Acts  amending  it,  and  likewise  to  all  reguls-  i 
tions  made  with  regard  to  Volunteer  a^iv*.  I 
The  Volunteer  (Military  Service)  Act  of  '% 
provides  that  whenever  an  order  for  the  em- 
bodiment of  the  Militia  is  in  force,  any  member 
of  a  Volunteer  corps  may  offer  himself  for 
actual  military  service,  and  if  the  ser\-icefi  uf 
such  members  of  any  corps  are  sufficient  to 
enable  them  to  be  separately  organised  are 
accepted,  then  those  members  may  be  called 
out  cither  as  a  corps  or  as  part  of  a  eorp;*. 
I'ndcr  the  Volunteers  Act  1900  new  regulation* 
were  made  as  follows: — I.  A  member  of  a 
Volunteer  cori>s  may  contract  to  come  out  for 
actual  military  service  in  Great  Britain  when- 
ever summoned,  and  to  ser\'e  for  a  period  nut 
exceeding  one  month  in  the  absence  of  a  Royal 
l*n)clamation  calling  out  the  Volunteers  gen- 
erally. II.  A  member  of  a  Volunteer  corfi!* 
may  contract  to  proceed  U{Km  active  service 
to  any  |»art  of  the  world  in  a  unit  or  company 
fornicd  of  Volunteers,  on  special  conditions  a:» 
defineil  by  the  terms  of  his  contract. 

The  Volunteers,  like  the  Militia,  form  junior 
battalions  attached  to  the  line  regiments  in 
their  respective  districts.  Their  own  organ- 
ization a.s  a  cohesive  and  indei)endent  fighting 
force  is  still  imperfect,  and  the  new  Army 
.■<rlieine  proposes  a  much  higher  level  of  effi- 
ciency and  an  imf)n>ved  organisation.   . 

l.:ke  the  Militia,  the  Volunteers  hold  a  con- 
siderable place  in  the  new  Army  scheme  of 
l<.H)i-2,  anil  now  enter  into  the  composition  of 
tlie  fourth  Army  Corps.  The  force  numbers 
L'L':{  battalions,  and  of  these  27  are  included  in 
the  Artiiy  ('i)rps  >cheme.  The  Volunteers  are 
to  Ik?  sr'e<'ially  trained  for  its  work  with  the 
Arinv  Corjis  anil  for  iK>sitions  round  Ix>ndon. 
\\liile  inrrt>a>eil  tlriU  and  rifle  shooting  are  to 
fiMitribute  to  efficiency.  The  Government 
proirrainiMO  for  reorganising  the  Army. present - 
♦'d  in  r«'bniary.  19()0,  included  the  providing 
(or   e\v.«-udo.vV  tTvuuiuq^  in  camp  during  the 
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r   tba   supply  of  nvowiUl 

uidanbls  difB- 


ehomd 

tha  pnTknu  yur  (368.SA0  u  < 
288,470).  mad  s  dtenaxe  in  the  perccnlatn  ol 
dBeWDti  to  the-earolled  ilrsngth  (95.49  M 
ODnpand  with  97.43),  •nd  in  numben  pmcnC 
St  iospectiane  (77 .48  u  eompuKi  with  83.63). 
"nig  dsclina  has  bseo  continued.     Fartteulara 


F^itAbluhment  _i 


d  Stnnsth  of  Anny.  / 
k  ImpnuJ  yeomaary, 
lu.  lit,  1903  (all  rank 


Nonnal 

Actual 
Bln>n(th 

Wan^ 

Fmsat 

Si 

^ESi 

aSSii^ 

346.480 

250.990 

VtAoDtem 

Om^iral  total.. 

e3A.4fiO 

747.719 

1 88.731 

Aimy  Sarvioe  Coipa r...       8,443 

Royal  Army  Hedioal  Carp*. 6,030 

Army  Ordnance  Corps. 2,638 

Army  Pay  Corps. 863 

Army  Port  OffloFCbrps 362 

It  appears  Trom  the  General  Annual  Return 
o[  the  Army  Ihat  in  the  year  ending  D«e.  Slit, 
1902.  5I.R77  recruits  ioised    (2,317  (or  long 

with  47,039  in  1901. 

froru  IS9S  to  1903  has  been  as  follows:— 1S98. 
82.063^  1S99,  7H.S39:  1900.  24,38Sl  1901. 
5,434;  1902,  2,573: 1903,  32.S65.  Thereducad 
numben  since  1901  have  been  due  to  Rnerv- 
ills  being  embodied  wiib  the  Regulan  far  Ibe 
war.  The  eHtftbliAhmejit  is  HO.CIOO.  and  on 
April  1st.  1903,  the  strength  had  increased  to 
Gl,l.<U.  leavinfi  28,847  wanting  to  complete 
the  e^abliahmenl.  It  is  impossible  to  give 
Hitirfactory  details,  there  bein^  a  large  number 


Date. 

Effective 

EflUb- 

Wanting 

|!le™' 

l,tJan..  189ti 
;;           18S7 

IBOl 

;;        1902 

11W.350 
10.VS31 

102;815 

126.723 

12l!48l 

i23.i37 

lis 

18.373 
2i;M8 

caJed  out  on  penna- 


Htrenglh  of  50.000.     Its  : 


Housebold   Cavalry 

Cavalry  of  the  Line 29.297 

Imperial    Yeomanry 1,610 

Royal    Horse    Artillery    and    Royal 

^eld  Artillery 34.9,W 

Koytl  Garrison  Artillery 23.174 

Royal  Eocinsen. 13.757 

Infantrv  of  Ihe'Lina.! '.[...'..'....'..   17a!5H0 
Colonial  Coipe  and  Indian  lofantry 
borrowed  lor  (airison  and  expedi- 
tionary purposes. 15,503 

•Parliament  in  1902  suctioned  200.300  ei- 

tNM  (omwd  on  Jan,  1st,  1003. 


.400       inl902.  21.840.  b: 


ea.-wd  to  22,945,  ll 
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ruB  voLUHTEEBi.  |  it«d  Iskve.     "nieraMal 

'Hm  mnditioDS  ftSecIing  unfavorably  the  (H4   xiuadniru),   taei 

tlrmgtb  of  the  Volunleers  have  been  given  meui  streocth  of  145 

•bore.     Thr  atkblishment  is  346. 4A0.  uid  Ibe  There  m  24  rasimeiiti 

■etiul  atreuctb  by  the  b.It«  return  (Ju.  I,  ISA  e-|tun  b>tt«riee,  but 
1{K>3)  2fiO.SBO.  leaving  05.400  nanling  lo  com-  ,  Ury  hai  only  4  guni. 
plBt«,     Hie  enrolled   atniigtb   haa   been   aa   i   priaefll  nyimentof  bon 

foUowi  sinee  the  Mtablishmenl  of  tbe  tone:  k  o[  mountain  artillery 

>W.    119.1*1;    'fll,     161.2M;    '62,    lS?.6IS:  gade  of  mountain  arti Hi 

■83,     iB2,«3S:    'M,     170.544;    '05,    178,484!  Venetia,  3  ™«iment8  ol 

•68,    181.56.5:     'W,     187, »04^    TJi,     100,  IfH:  brigade  in  Saniinia,  Z 

■69,     185,287;     7U.      LBIi.SM-     'n       |.-,Q<U1«  aniLlerv   ami    S   nf  an. 

72,     178.279:    Ta,     171. (i.:       n  cumuaniM  Lf  the  ™i^ 

74     203,213:    79.     -■"■;-■'  The  total  Mrength  ol 

"81,    208.308;    "82,     ap7,  -  ■                      i     .   ,  touuw". 
■W,    215.016;    'M,    2J4.tii/       ■'..     .■-■'.:■.■. 

■87.    228.038:    '88,     •22C.,i>,'j ,     aj,     ^Ji.u:,.       „„.,v . 

'BO     221.048;    '91,     K(2,04*J:     'M.     iW,J23;       With  the  eolora 

■Bd,    227.741;    V*.    231.328;    ■B5,    231,704:  2''il'i    H-'f?"''"  ■  '  ■ ' 

■9fl     239.059;    '97,     231,796:    "OS.    230,078;      3°'*!'"  WSlV  ■    

'99.    22B.B64;  1900,   277,628;  Temtonal  Militia  ,  . , , 
IBOI,  2SS.476:  1902.  268.5,50.      The  Inter  re- 

tber  falliDg  oR  of  17,580',  W  it  'u  believed  -^          ,.^      ^^ 

that  the  diminution   ban   not  ceaeed.     The  Fotom  and  378with' thl 

AortagoofoffieerBon  Jan.  l.t.  1903,  wa.  1895.  *'™"  ""  378  with  tin 


■quadron    havtog  ■ 


asdUen. 

486.290 


ll^bile'ui 


3,330.202 


Tbe 


eiglit  in  it.  tBBr,. 


of   t 


fantry  and  riflee.  three  cavalry  irigimenU,  anJ 
three  resimenti  u[  lieid  anlUery.  The  Gen- 
men  are  borne  ujion  the  strength  of  (he  line. 
The  peace  etrtngth  uf  the  army  is  about 
1880  officera  and  25.000  men.  As  a  matter  of 
tact  IhfM  numben'  are  nevpr  attaincl  under 

ooloTB  varying  from  16.000  lo  18.000.     There 


cludini 


12.000  n 


In- 


Tbe  Italian  army  connieO 
Army,  the  Mobile  Militia,  am 
Hililia.     There  are  12  army  i 


ments  oflinelnfanlry  (288  battalion!-).  12regi- 
nwnti  of  bamagtieri   (36  battationo)   ami   7 


J  Army,  the  National 
if  certain  of  the  inlaadd- 
id  available  for  foieign 


The  Fmpemr  is  niprma  head  of  the  aimy. 
ul  military  affaini  are  diraetsd  through  the 
ar  Mininler  and  the  Chief  ol  the  General 
aff  by  the  Superior  War  Council.     In  order 

iling  of  the  War  MiniBtflr,  Ihs  Naval  Hin- 
ler,  (he  chiefs  of  the  Oeneral  Buff  and  the 
aval  Staff  and  the  DirectoxGeneral  of  Hili- 


ar«  (letailB  ol  tbe  efleelive 
troops  in  the  island  ol  For- 


1, 1100  ofBcerx.  2.900  i 


ns:  tuvalry.  55  equad- 

;  fi«l<l  anillely.  19  regi- 


is  kuowu  an  unlini 


ml.  203  hallalionn'.  55  nqu 
ir  7,500  officen,  103,790  m 
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ones.  Depot  troops:  52  battalions, 
Irons,  26  companies,  19  batteries;  or 
icers,  34.600  men,  9.000  honies,  114 
'erritorial  Army:  130  battalionn.  26 
IS.  312  Runs,  3,200  officers.  118.530 
360  hontes.  Militia:  35  officem,  1 .180 
horses.  Grand  total,  386  battalions. 
Muiies.  99  squadrons,  1,116  Runn, 
officers.  348,100  men  and  84.460 
The  total  fully  trained  force,  accorrl- 
le  St.  Peteraburg  Qaxette,  \»  509,960. 
tary  Colleice  and  Academy  train  ac- 
ed  officera  of  icreat  intelligence.  They 
mounoed  by  General  Grant  to  be 
le  foremost  of  the  kind  in  the  worlii. 
*acks  and  jcymnaflia  are  of  the  bent 
i  every  care  is  paid  to  the  physical 
lent  of  the  men. 

MEXICO. 

exican  army  consist.**  in  peace  time  of 
icers,  31,000  men,  and  11,000  horse-n 
It  was  proposed  to  introduce  per- 
obligatory  service,  but  the  plan  has 
tponed,  and  the  army  is  recruited  by 
Y  engagement  of  3, 4  and  5  years,  with 
;vies  drawn  by  lot.  The  passage  of 
I  to  a  war  footing  has  been  define<l  by 
provision  is  made  for  mobilising  the 
second  reserve,  including  the  rural 
n  police,  the  national  guard  and  other 

lowing  in  the  .'•trength:  Regular  army. 
ccTs,  61,000  men;  r»j«rves.  1,000  offi- 

000  men ;  total.  3.7U0  officers.  186.000 
h  32,000  horses  and  12,000  mules. 

MOROCCO. 

iltan's  forces  comprise  about  30,000 
men  of  all  arms,  under  commanfi  for 
of  Kaid  Sir  Plarry  Maclean.  The 
turn  is  the  Martini. 

THE    NETHKRLANDS. 

d  has  at  present  no  standing  army. 
Ire  of  officers  and  non-com  missioned 
jstablL^hment  about  2,200)  for  train- 
irces  embodied. 

indwehr,  which  has  replaco<l  the  old 
j.  received  its  first  contingent  rc- 
id  the  country  ha^t  l>een  divided  into 
wehr  di.«»tricta.  The  corresporuIinK 
B  cannot,  however,  be  forme* i  before 
he  I^Andwehr  and  I^andsturm  to 
m  are  to  be  t ran»«ferre«i  will  have  a 
tngthof  about  20.000.  and  n  volunteer 
nent  in  time  rif  war.  the  militia  to  he 
to  12,300,  to  be  permanently  em- 
rith  5,200  more  to  be  called  tip  fr)r 
iods;  and  the  rerjrganizntion  is  lieing 

1  with.     The  total  armed  strength  i«. 
at  09.000. 

ay  of  the  Dutch  East  Iiidie-^  imiiiiIhm'^ 
000  officers  ami  men,  reeniiteil  vul- 
one-half  of  the  men  tiut'ivcr*.  ami  a 


plan  of  mobilisation  for  war  has  recently  been 
adopted. 

PORTUOAL 

The  army  was  reorganised  on  October  1. 
1899.  The  peace  footing  is  62,427,  including 
33.420  militia.  The  infantry  of  the  line  are 
IN.OOO,  the  cavalry  3,032,  the  dragoons  1,804. 
the  light  troops  1.012,  the  field  artillery 
3,375  and  the  horse  artillery  479.  The  total 
number  of  guns  is  448.  The  war  footing  is 
100,204  including  52.675  militia. 

A  new  law  was  introduced  in  September, 
1H95,  by  which  the  service  is  three  years  with 
the  colors,  five  with  the  first  re«erve  and  four 
with  the  second.  There  is  in  addition  a  colo- 
nial army  of  9,000.  The  rules  of  exemption 
are  most  liberal,  a  sum  of  money  paid  to  the 
Ciuvernment  being  accepteil  as  an  equivalent. 

ROUMANIA. 

The  armed  forces  of  Roumania  consist  of 
the  Regular  Army,  the  Militia,  and  the  Opol- 
tchi^nie.  In  peace  time  there  only  exist  cadres 
for  the  regular  army,  which  is  divide<l  into  iier- 
manent  and  territorial  troops.  The  period  of 
service  for  the  |)ermanent  triMips  is  three 
years,  and  for  the  territorial  trcwps  five  years 
for  the  infantry  and  four  for  the  calvary;  but 
in  this  latter  force  the  soldier  at  first  only  puts 
in  three  months  of  continuous  serx'ice;  he  is 
then  sent  to  his  home  and  calle<l  up,  in  his 
turn,  for  one. week  each  month. 

The  effective  of  the  army  in  war  is  as  fol- 
lows: Infantry:  8  rific  battalions;  34  infantry 
regiments  (102  battalions;  altogether  2,250 
officers,  126,(M)0  men,  and  4,700  horses). 
Cavalry:  6  Roshiari  regiments  (24  squadnms, 
forming  an  inde|>endent  division);  11  Caal- 
raahi  regiments  (44  squa'Irons);  total,  530 
officers.  13,200  men,  12.100  horses.  Artillery: 
12  regiments  (75  batteries,  450  guns;  40  am- 
munition columns;  2  fortress  artillery  regi- 
ments); total.  9:W  officers,  2<'>,900  men.  22,800 
horses.  Kngineers:  12  sap|>er  companies,  4 
telegraph,  4  |)ont(M)n,  and  4  railway  com- 
I)anies:  total,  140  officers,  6,200  men,  1.500 
horM^s.  (;rnnd  total.  2,850  officers,  169,800 
men.  and  41,400  horses.  If  to  these  are  added 
the  transport.  auxiliar>'  tnM)ps,  .32  militia  regi- 
ments, etc.,  the  numbers  will  amount  to  7,500 
officers,   314,000   men,   ami    05,000  horses. 


UlSHIA. 

The  huge  Russian  army  makes  continual 
progress,  and  it^  varie<l  eompo.-ition  and  little- 
known  development  make  it  very  difficult  to 
describe.  It  may  be  said  to  consist  of  .-everal 
armies:  the  Knro|)ean,  the  Caucasian,  the  Tur- 
kestan, and  the  Amur  force;  the  first  of  the>e 
ortranized  like  «»ther  i;uro|K»:iri  armies,  an<l  the 
*<»M-titut ion  <»f  the  other-  varying  in  confor- 
mity with  local  retjuircMiieiits.  Moreover,  the 
•^treiiKth  of  eafh  varies  ttoc«»rdu\VL  ^.^^  V\w  xw^jv^- 
siticj  of  tUTi  Mluatiou,  V\\tt  Vivjvjv*  \iQi\\\\j,  va\  V\\*i 
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ordinary  peace  footing,  on  the  higher  peace 
eetablishment  as  in  the  frontier  districts,  or  on 
the  war  footing  as  in  Aaiatic  Rumia.  There 
are  13  greater  military  districts,  the  Trans- 
caspian  district,  and  the  territorial  region  of 
the  Don  Cossacks.  There  are  25  army  corps  in 
Europe  and  the  Caucasus,  2  in  Turkestan,  and 
2  in  the  Amur  district. 

The  peace  strength  has  been  given  as  follows : 

Europe  and  the         Asiatic 
Caucasus.  Russia. 

Infantry 627.000  men.  83.000  men. 

Cavalry 116,000    "  14,000    " 

ArtiUery 138.000    "  15,000    " 

Engineers 34.000    "  8.000    " 

Army  services  .  .    34.000    "  5.000    " 

Total 949,000    "         124,000    " 

O/  these  forces  the  active  army  numbers 
731.000  in  Europe  and  the  Caucasus,  and 
87,000  in  Asiatic  Russia.  Baron  von  Tettau, 
in  a  volume  on  the  Russian  Army  (1902),  gives 
the  peace  strength,  including  Cossacks  and 
Frontier  Guards,  as  1.100.000. 

It  must  be  understood  that  in  reganl  to  the 
preceding  estimate  and  in  what  follows  con- 
cerning the  distribution  of  the  Russian  forces, 
considerable  doubt  exists.  The  troops  were 
moved  secretly  in  view  of  the  war  with 
Japan,  and  very  various  statements  have 
been  made  as  to  the  force  actually  available 
in  the  Far  East. 

An  Imperial  order  of  Novenil)er  12,  1903, 
gave  instructions  for  the  formation  of  2  new 
brigades. 

The  Cossack  forces  have  a  s|>ecial  constitu- 
tion. Every  C-ossack  becomes  liable  to  serve 
as  soon  as  he  has  completed  his  eighteenth 
year.  For  the  first  three  years,  which  are 
looked  on  as  *'pre|)aratory,"  his  service  is, 
however,  purely  local;  but  for  the  next  twelve 
years  he  is  conNidere<l  as  belonginfc  to  the 
"front"  categDry.  This  category  consists  of 
three  bans,  the  first  of  which  is  formed  of  men 
actually  serving,  and  the  two  others  of  men 
who  have  Ijeen  grantetl  unlimited  leave.  The 
last  five  years  are  spent  in  the  Reserve  cate- 
gory. There  is,  however,  a  still  further  cate- 
gory, for  which  no  limit  of  age  is  fixe<i:  this 
comprises  all  able-lHslied  Cossacks  not  other- 
wise classifie<l.  These  have  to  su|>|>ly  an<l 
maintain  their  own  horses,  l)esi<lcs  |>roviding 
their  own  clothing  and  e<iuipment.  The 
peace  effective  of  the  Co.v«acks  is  stated  to  be 
65.930,  with  52,400  horses,  but  it  is  probable 
that  not  more  than  54.000  arc  permanently 
with  the  colors.  The  war  strength  is  given  as 
182,065,  including  4,275  officers,  and  there  arc 
173,150  horses.  This  gives  a  i>crcentage  of 
13.2  to  the  male  po|)uIation  liable  to  Cos.-ack 
service. 

In  the  Ru.ssian  Km|»ire  considerably  over  a 
million  men  annually  attain  the  age  for  joining 
the  army.  In  \W)2  the  nuinlwr  Hal»le  to 
ser\'e  was  1.122.000.  and  :nr),s:<2  were  em- 
bodied in  the  standing  army.     Seventy  i>er 


cent,  of  the  men  so  entered  are  illiterates. 
About  5,000  enlist  annually  as  volunteers,  and 
16,000  join  the  Cossacks.  The  period  of 
liability  to  personal  service  lasts  from  the 
twenty-first  to  the  forty-third  year  of  a^e. 
Those  who  join  the  standing  army  spend  fix-e 
years  with  the  colors  (four  in  the  infantry), 
thirteen  in  the  reserve,  and  the  ronainder  in 
the  Opoltch^nie,  or  militia.  In  some  in- 
stances, however,  the  War  Minister  has 
power  to  retain  men  for  a  longer  period  with 
the  colors;  whilst,  on  the  other  hand,  this 
Iieriod  is  shortened  by  one,  two,  three,  or  four 
years  for  those  possessing  a  superior  educa- 
tion. The  OpoltchtSnie,  which  has  been  de- 
velo{)ed  from  a  simple  militia  into  a  first  re- 
serve formation,  now  embraces  two  different 
classes:  (1)  Men  between  21  and  43  yeans  of 
age,  who  have  ne%'er  served;  (2)  men  who 
have  completed  5  years'  service  with  the 
colors  and  13  years  in  the  reserve.  The  ages 
of  the   men  vary  between  39  and  43  years. 

The  Finnish  Military  Service  I.aw,  whereby 
the  Finnish  army  has  lost  the  independence 
guaranteed  by  treaty,  was  promulgated  on 
August  1,  1901.  The  offices  of  Finnish  com- 
mander-in-chief and  staff  have  been  iU)oli8hed. 

The  war  strength  of  the  Russian  forces  con- 
sists of  about  56,500  officers  and  2,855,000 
men,  including  1,792,000  infantry  and  196,000 
cavalry.  These  form  the  active  army  of  all 
cla-Hses.  To  these  figures  must  be  added  the 
available  reserx'es,  estimate<l  at  1,064,000; 
frontier  battalions,  41,000;  Cossacks,  142,000. 
There  are  besides  these  the  Territorial  Re- 
servos,  some  2,000,000  men,  and  the  Opol- 
tch<^nie,  1 ,300,000,  which  could  be  employed 
in  ca.se  of  emergency.  Gen.  Redigers,  a  well- 
known  authority,  estimates  the  trained  re- 
serve to  be  2,7(X),000.  It  is  expected  that 
under  new  organisation  the  Opoltchtl'nie,  or 
militia,  in  time  of  war  will  form  40  infantry 
divisions,  (>40  battalions;  20  regiments  of 
cavalry,  80  squadrons;  80  batteries  of  artil- 
lery, and  20  battalions  of  sappers;  but  owing 
to  the  va.Mt  distances  to  be  covered,  and  the 
want  of  railway  accommodations,  the  mobili- 
sation of  this  great  force  would  be  neither 
easy  nor  rapid.  In  regard  to  the  embodi- 
ment of  the  reser\'e  force  in  the  event  of  war, 
great  a.lvances  have  been  made  by  the  estab- 
li.shnient  of  briga<le  commands  and  the  organi* 
zation  of  reserve  brigades. 

SKRVIA. 

The  military  forces  consist  of  the  national 
army  and  the  militia  (Opoltch^nie). 

The  national  army  is  divided  into  three 
levies:  l-t.  men  from  20  to  30  years  of  age, 
and  containing  |>ermanent  cadres  and  a  re- 
serve; 2nd.  men  from  31  to  37  years;  and 
'An\,  men  from  3S  t<t  45  years,  with  no  con- 
stituted cadres  in  |>eace  time. 

The  militia  consists  of  men  from  17  to  50 
N-cars  of  age  not  in  the  national  army.     No 
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ition  or  buying  off  is  allowed.     The 
oontingent   is   lutually   about   20,500 
>t8,  of  whom  6,000  are  generally  unfit 
ioe. 

;>e«oe  effective  ia  difficult  to  calculate, 
!,  for  economic  reasons,  it  is  usual  to 
>wn  men  before  their  proper  date  for 
The  units  are  strongest  in  the  spring, 
m  then  gradually  dwindle  away  until  a 
ly  barely  consists  of  more  than  10  or  15 
The  army  is  a  species  ot  semi-militia. 
rar  effective,  according  to  official  tables, 
uracy  of  which  must  be  accepted  with 
,  amounU  to  8,110  officers.  331,900 
SO  guns,  and  39,070  homej*.  The  num- 
actual  combatants  would  be  about 
I,  but  a  very  large  proportion  are  of 
uid  3d  levies,  with  little  or  no  training. 

SPAIN. 

n*  the  terms  of  an  order  of  January  29, 
he  army  has  been  reorganized  on  the 

an  effective  of  80,000  men;  the  second 
>na  of  the  infantry  regiments  and  the 
squadrons  of  the  cavalry  being  re<luce4l 
ton  formations.  There  are  in  all  about 
officers  provided  for  the  old  establinh- 
lUt  the  supernumeraries  are  on  half-pay, 
sir  places  are  not  being  filled.  There 
ht  captain-generalcies,  but  the  eight 
•orps  are  replaced   by  divisions,   and 

reductions  are  being  intnxJuced.    The 

arters  are  respectively:    Ist,   Mmlrid; 

eville;  3rd,  Valentia;  4th,  Barcelona; 

xagossa;  6th,  Burgos;  7th,  Valladolid; 

runna. 

following  is  the  constitution,  by  units, 

army:  Infantry,  .56  regiments,  20  bat- 

of  Chasseurs,  4  African  regiments,  2 
its  in  the  Balearic  Islands.  2  regiments 
'anaries,  recruiting catlres,  etc.  The  cav- 
;  regiments,  and  3  squadrons  for  foreign 
ions.  Artillery,  13  field,  1  siege  and 
tain  regiments  (all  with  four  f>-gun  bat- 

14  fortress  battalions,  1  central  gim- 
[lool,  1  central  remount  committee,  and 
anies  of  artificers.    The  engineer  ron>s 

I  of  4  regiments  of  sappers  and  miners, 
K»n  regiment,  1  telegraph  battalion,  1 

battalion,  1  topographical  brigade,  1 
ly  of  artificers,  and  8  reserve  depots, 
separate  companies  of  sa|>|>ers  iiiid 
for  the  Balearic  Islands,  etc.  For 
ng  purposes  the  Peninsula  has  lit)  dis- 
he  Canaries  and  Balearics  have  2,  and 
uid  Melilla  have  2.  The  total  armed 
h  is  estimated  to  be  500,000. 

SWEDEN    AND    NORWAY. 

>ZN. — The  Swedish  army  underwent  a 
lisation  in   1901,  which  i.s  progressive 

II  have  its  full  effect  in  1914.     (leneral 
il  service  has  been  adopted,  with  >-hort 

with  the  colors:  one  year  for  siervice  in 
tfhy  and  artillery,  and  eight  months  for 


the  infantry.  The  army  will  be  substantially 
increased  in  strength.  The  24  existing  infantry 
regiments  are  to  have  a  third  battalion  each, 
and  3  fortress  regiments  of  similar  strength 
are  to  be  raised.  Some  of  the  new  formations 
have  already  been  brought  into  existence. 

On  a  iieace  footing  there  are  2,606  officers, 
1.797  non-commissioned  officers,  6,947  cor- 
|K)rals  and  others,  5.57  cadets,  7,792  volunteers, 
and  22,332  men,  being  a  total  of  40,031.  The 
artillery  are  to  receive  Krupp  quick-firing 
guns,  of  which  the  pattern  is  still  under  trial 
in  an  experimental  battery.  There  are  4 
corps  of  engineers.  Steps  are  also  to  be  taken 
to  increase  the  bo<ly  of  reserve  officers.  One 
great  object  in  the  recent  change  is  to  give 
a  more  homogeneous  character  to  the  forces. 
The  plans  for  mobiliiation  of  the  reserves  have 
been  improved,  and  a  I^ndsturm  is  being 
organized. 

Norway. — The  force  now  availabe  for  ser- 
vice beyond  the  frontier  numbers,  with  officers 
and  men.  25,109;  but  the  total  anne<i  strength 
,  is  estimated  to  be  .38,000,    There  is,  however* 
I   the  defect  that  there  is  no  reserve  of  the  line  to 
I   fill  up  the  gaps  which  might  arise  during  a  war, 
without  taking  men  from  the  militia  (Land- 
vaem).     Besides  the  troops  of  the  line  there 
exists  the  militia  or  Landvaern  for  the  defense 
I  of  Norway,  in  ca.se  the  troops  of  the  line  should 
I   be  taken  over  to  Sweden. 

SWITZERLAND. 

The  federal  forces  do  not  constitute  a 
standing  army,  the  principle  being  that  of  a 
militia,  and  the  liability  to  serve  twelve  years 
in  the  Kiite,  twelve  in  the  Landwehr,  and  six 
in  the  Landsturm.  During  the  twelve  years  in 
the  lOlite  (ten  for  the  cavalry)  the  aggregate 
.'^crvice  is  HI  days  in  the  infantry,  146  in  the 
engineers,  ItM)  in  the  cavalry,  and  1(53  in  the 
artillery. 

The  total  military  strength  consists  of:  Elite 
(20  to  32  years  of  age):  96  battalions  of  in- 
fantry, 8  battalions  of  rifles,  24  squadrons  of 
dragoons,  48  field  batteries  of  6  guns,  2  moun- 
tain batteries,  10  iM)sition  batteries,  and  12 
conifianies  of  light  horse.  Landwehr  (32  to  44 
years  of  age) :  90  battalions  of  infantry,  8  bat- 
talions of  rifles,  24  squaiirons  of  dragoons,  8 
field  batteries,  and  15  position  batteries.  An 
aggregate  tijtal,  in  round  numbers,  of  200,000 
men.  of  whom  1,30.000  are  in  the  first  12  clos.'^es 
of  the  Klito,  formed  into  4  army  corps.  In 
addition,  the  Landsturm  can  furni.sh  fully 
:i()().0OO.  giving  an  arme<i  strength  of  .500,000, 
maintuinoil  at  a  cost  of  about  S5,0(X),000  a 
year  for  a  total  population  of  3,.500,000. 

Tt'RKKY. 

The  Turkish  military  forces  are  organize<I  on 
the  territorial  system,  the  whole  empire  being 
dividcil  into  seven  lerrvloTvaA.  d\?.Vx\t\%.  "Vk^s  "Cw^ 
recruit  in^  law  a\\  MussvAtuaw^^  a,tt\\«\2\«t  \.o  tcKCv^ 
tary  service.    ChT\s\\aT\8  oivd  ceTVaxtv  «fttt\:ft"^"KS 
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an  exemption  tax.  The  nomail  ArabH,  althciuffli 
liable  to  8er\'ice  by  law,  furnish  no  recruits, 
and  many  Kurds  evade  Herv'ice.  The  con.Hcrii>- 
tion  therefore  falls  somewhat  heavily  on  the 
Osmanlis,  or  Turks  proper. 

The  men  liable  to  service  are  divided  into — 

(1)  Nisam,  or  regular  army,  and  its  reserve; 

(2)  Redif,  corresponding  to  I^ndwehr;  and 

(3)  Mustahfis,  or  I^ndsturm.  There  are  also 
660  Ilaveh  battalions,  mostly  skeleton  forma- 
tions, in  which  men  supplementary  to  the 
establishments  are  enrolled.  Liability  to  ser- 
vice until  recently  commenced  at  twenty  years 
of  age,  and  lasted  for  twenty  years — i.e.,  with 
colors  of  the  Nisam,  four  years;  in  the  reserve 
of  the  Niiam,  two  years;  in  the  Redif,  four 
years  in  first  class  and  four  years  in  second 
class;  and  in  the  Mustahfis,  six  years.  An 
Irad^  issued  in  November,  1903.  increases  the 


total  Nixam  service  to  nine  >'ears  and  the  Reilif 
service  to  nine  years,  it  being  estimated  that 
this  will  add  250.000  men  to  the  army. .  The 
cavalry  are  set  down  at  55,300;  the  artillcr>' 
(174  field  and  22  mountain  batterie«i)  at  54.720 
— 1,356  guns;  the  engineers  at  7,400;  infantrj-, 
583.200;  total,  700,620.  The  Nisam  has  320 
battalions,  203  squadrons,  and  248  batteries, 
and  the  Redif  374  battalions.  666  supplemen- 
tary battalions  (incomplete),  and  48  squad- 
rons. An  irregular  "Hamidieh"  cavalry  ha** 
been  raised  among  the  Kurds,  and  has  266 
squadrons. 

The  total  war  strength  is  estimated  to  be: 
46,400  officers,  1,531,600  inen,  1,530  guns,  and 
109,900  horses.  The  Ottoman  army  has  been 
trained  and  reorganised  largely  by  Gennan 
officers,  and  is  composed  of  the  best  fiiHilinx 
material,  as  the  war  with  Greece  proved. 


CHAPTER    V. 


THE    RAILROADS    OF    THE    WORLD. 


Ill  the  Railroad  (lazette  (New 
York)  for  May  30.  11M)2.  there  ap- 
I>eared  exhaustive  tables,  compiled 
from  the  Archiv  jfllr  Eisenbahuweseu 
of  Prussia,  of  the  railroads  of  the 
world  in  tlie  year  1900  and  in  previ- 
ous years.  With  the  help  of  these 
tables  the  Railroad  (jSazette.  in  its  is- 
sue for  June  0,  makes  the  following 
comparative  statements: 

The  mileage  built  in  each  decade  has 
been  for  the  world :  Ten  yea  re  to 
1840.  4,772;  1850,  19,198;  18(50,  43.- 
1«0;  1870.  63.255;  1880.  101,081; 
IKfH).  152,1  <9;  1900,  107,421. 

Tlie  mileage  built  before  1830,  in- 
significant in  amount,  is  included  with 
the  4.772  miles  credited  above  to  the 
following  decade. 

Of  the  total  of  491,006  miles  com- 
pleted at  the  end  of  the  century  more 
than   one-half  had     been     built   since 
18S0    and    nearly    three-fourths    since 
1S70.      The   total    built    in    the    forty 
years   down   to   1870    (130.385  miles) 
was  one-seventh  less  than  the  construc- 
tion  in  the  single  decade  ending  with 
181K).     It  is  notable,  however,  (hat  in 
the  last  decade  of  the  century  44,758 
miles  less  were  built  than  in  the  pre- 
ceding ten  years.     This  is  one  of  the 
indications  that  the  civilized  and  pro- 
ductive  industrial     countries     of   the 
world  are  now  generally  well  equipped 
with  th»*se  instruments  of  transporta- 
tion.     Europe    (except    Russia)     and 
North    America   have   immediate   nc»>d 
of  no  large  additions  to  their  mileage. 
There  is  still  abundant  room  for  rail- 
roads  in    Asia,      Africa     and      South 
America,  but  the  slow  growth  of  indus- 
tries of  these  continents,  two  of  which 
are  over  rather  than  under  populated, 
but  whose  population  is  to  a  great  ex- 
t<-nt  a  bar  to  progress  such  as  Europe 
and   North  America  have  had   in  tlio 
past  century,  gives  no  promise  of  rapid 
railroad  extension. 

Nevertheless,  the  most  notable  de- 
velopment of  the  last  decade  bus  been 
tlie  greater  activitjr  in  Asia  and  Afri- 
ca.    In  Asia,  until  after  1890,   there 


was  scarcely  any  railroad  except  \n 
British  India,  a  very  little  in  Asia 
Minor,  a  beginning  in  Russia  and  Ja- 
pan. But  the  20,iHU)  miles  in  Asia  in 
1890  had  become  37,477  miles  in  1900, 
and  the  6,113  miles  in  Africa,  12,501. 
The  additions,  considering  the  size  of 
the  continents,  are  small ;  but  they  are 
only  beginnings,  and  considerable  new 
additions  have  been  made  since  1900, 
chiefly  the  Siberian  Railroad  in  Asia 
and  the  Uganda  in  Africa.  It  is  prob- 
ably not  generally  known  that  even  in 
this  last  decade  it  is  India  and  not 
Russia  which  leads  in  railroad  con- 
struction in  Asia :  India  had  added 
(;,982  miles  (42  per  cent)  to  the  16,- 
781  it  had  in  1890,  Vhile  the  additions 
in  Asiatic  Russia  were  but  4,622 
miles. 

In  Europe  more  railroad  was  built 
from  1890  to  11K)0  than  in  the  previ- 
ous decade,  but  less  than  from  1870  to 
1880.  The  increase  in  the  last  decade 
was  wholly  due  to  Russia,  where  it 
was  10,(J59  miles,  against  4,413  miles 
ii'  the  previous  decade.  In  the  rest  of 
Europe  29,700  miles  were  built  from 
1880  to  181K),  and  only  26,418  in  the 
following  decade. 

Tlie  most  notable  change  in  the  last 
decade,  however,  is  the  decrease  in 
construction  in  North  America,  which 
was  so  long  the  great  field  for  railroad 
construction.  With  2,834  miles  built 
in  1840.  the  increase  in  mileage  for 
successive  decades  has  been :  1840- 
laV),  9.0f)9:  18.^)0-1860,  23,<M4  ;  18(J0- 
1870,  22.887:  1870-1880.  45.629;  1880- 
1890,  85.7<{6;  1890-15H)0,  3:^,856. 

Thus  the  new  construction  on  this 
continent  in  the  last  decade  was  tJO  per 
cent  less  than  from  1880  to  1890.  and 
even  20  per  cent  less  than  from  1870 
to  1880.  The  decrease  in  the  last  de- 
cade was  common  to  Canada  and 
>rexico.  Jis  well  ns  to  the  United 
States.  It  was  altogf'ther  healthy. 
I^it  this  country  and  Cana<la.  at 
least,  are  ri«her  to-day  than  they 
'vould  have  be4»n  If  they  liad  built 
as  much  railroad  in  the  last  decade  as 
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Id  the  one  prMeiling  it.  Fully  $2.- 
(IOU.000,000  more  tlian  has  actually 
been  expended  for  new  rallroadH  woulrl 
have  l)een  reijuiied:  and  the  iudica- 
lioDs  are  that  tbe  capital  thus  saved 
has  been  most  proHlabty  employed  in 
jiroductive  induHtrii^a  which  give  the 
railroads  traffic  to  tarTy, 

Roiith  aod  Central  America  ( in- 
cluding West  Indies)  do  not  cut  much 
of  a  figure  in  the  railroad  world,  hav- 
ing now  altogelher  only  20,071  miles, 
or  less  than  Asia.  Two-thirds  of  the 
South  American  mileage  is  in  Argen- 
tina and  Braiil. 

Australia  also  han  slaekened  its  pace 
in  railroad  eonstniclion.  It  has  room 
for  more  roada,  but  not  people  enough 
as  vet  to  support  them,  and  it  erowB 
Blowly.  It  had  1.l)i)7  miles  in  1870. 
added  3,780  b;  1B80,  6,803  more  by 
1800,  and  only  3.18-1  in  the  last  decade 
of  the  century.  Auatralia  now  has 
14.025  miles. 


TYPES  OF  AMEKIGAN    LOCOMOTIVES. 


.  from  tht' 
June.  1903. 
mileage  at 


The  Inst  annual  retu 
Kame  auurce.  putilished  i: 
hIiows  the  world's  railro. 
the  end  of  1!X)1. 

Europe,  1K1,7flO  milex. 
Hilawc  of .  MilcBi 

Countnw.  I  Cnunl 

nermany 32.943    Hnllitiiil 

ItuwuB 32.130    Koumania. 

France 2T.2KS    Turkey  ( inelml- 

Awlro-Huna'y  23.432  I      ina  HuIiBrin 
(irnat     nritBln  and  Itoumelian.oes 


fw  ^  nonn  n 


Hnli^h  I'l.lin.  .  2 

SiWriB        and 

.Manchuria.  . 

Tolal  J 
BtitiHh    i^uuth 


rira  (Nnrth  Bni  Sr.ulb),  2.M,IM3 

t .  \W.34li  1  Mexico 9.HA0 

th  Braiil 9.2«f 

. .    1H.397' Chili..,. J.HBU 

ilnl  A^ia.  12.0JT  miles. 

.  .   2S..S15     .Tnian.  .  , 4.M3 

DutrhlTKliex...   1.392 

I  Alaiers  un.l 

Tunis 3.(hW 

11  ,  l-'«v(pt iM3 


RAILWAY  SIGNALS. 

One  bins  I  of  the  whistle  means 
"atop  at  once."  or  what  la  knowu 
ns  "duttu  brakes" ;  two  blasts  of 
the  wbislie  mean  "oil  brakes": 
ihree  lilastN  of  the  whistle  mean 
"back  u|>";  n  continuona  blast  meana 
"dniiBcr."  X  fiemaphore  signal  at 
right  angles  to  Ihe  post  indicales  dan- 
dier :  wlu'ti  I  he  lemaphore  drops  la 
im  anKle  it  in  a  signal  to  proceed.  A 
red  lantern  indicates  danger,  as  does 
a  red  flag ;  n  green  lantern  or  a  greeJi 
flaE  indicates  "caution."  I.,antenu 
which  av'-  sn-ong  at  right  angles  ncron 
ibc    irncks    nii'iin    "stop";    a    lanlem 

when   Inniems  are  swung  in  a  clrrl« 
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le  were  called  upon  to  name  the 

engineeriDK  in  which  the  vast 

ipon  which  things  are  done  in 

antry  is  most  strikingly  shown* 

lid  be  safe  in  pointing  to  the 

1  railroad  system  of  the  United 

In  respect  of  the  total  length 

k,  the  total  number  of  locomo- 

nd  cara»  the  veritable  army  of 

ees,    and    the    gross    value    of 

invested,  our  railway  system  is 

i  that  it  stands  absolutely  in  a 

Y  itself  among  the  railroad  sys- 

l  the  world.     It  is  equally  true 

respect  of  the  character  of  its 

rolling  stock,  its  general  equip- 

ind  methods  of  operation,  it  is 

I     b^     national     characteristics 

distinguish  it  far  more  sharply 

tie  great  European  and  Asiatic 

than    they    are    distinguished 

ach  other. 

ttempting  to  impress  upon  the 
be  magnitude  of  the  properties 
i  operations  represented  by  the 
08  of  such  huge  interests  as  tho 
is  of  the  United  States,  whero 
ures  run  into  the  millions  and 
I,  it  is  necessary  to  translate 
igures  into  concrete  terms  and 
them  to  some  widely  known 
rd  of  measurement,  whether  of 
e,  weight,  or  bulk.  On  the  fol- 
pages,  our  artist  has  endeavored 
we  think  very  successfully — to 
rm  the  statistics  of  our  rail- 
nto  concrete  form  by  taking  as 
of  measurement  the  greatest 
constructive  work  of  man,  the 
?yramid  of  Egypt,  with  whose 
ions  every  voting  American 
is  perfectly  familiar,  or,  if  he  is 
ght  to  be.  From  time  imnienio- 
p  great  Pyramid,  being  one  of 
iginal  seven  wonders  of  the 
has  been  a  favorite  standard  of 
ison  with  other  great  construc- 
rks.  It  measures  some  75(i  feel 
base  by  481  feet  in  height,  and 
ts  about  0114  million  cubic  feet. 
efore  we  can  use  even  this  well- 
standard  and  be  sure  that  it 
nvey  its  full  impression  to  the 
»  reader,  we  must  compare  the 
Id  itself  with  some  big  and  well- 
structure,  and  for  this  purpose 
tist  has  drawn  the  Capitol  of 
igton  at  the  side  of  the  Pyrn- 
oth  on  the  same  8<*ale.  If  it 
lossibte  to  take  a  shell  of  the 
id,  composed  merely  of  the  onter 


layer  of  stone,  and  place  it  over  the 
Capitol,  it  would  practically  shut  it 
out  from  view,  and  the  apex  of  the 
Pyramid  would  extend  200  feet  above 
the  highest  point  of  the  Capitol  dome. 

The  total  length  of  the  railroads  in 
operation  in  the  United  States  at  the 
close  of  the  fiscal  year  11X)1  was  195,- 
887  miles,  this  total  not  including 
track  in  sidings,  etc.  If  these  rail- 
roads could  be  stretched  out  in  one 
continuous  line,  they  would  b3  suffi- 
cient to  girdle  the  earth  at  the  equator 
more  than  eight  times ;  or,  if  started 
from  the  earth  and  stretched  outward 
into  space,  they  would  reach  four- 
fifths  of  the  distance  from  the  earth  to 
the  moon. 

Steel  Rails. — Now,  to  arrive  at  an 
estimate  of  what  it  has  taken  in  ma- 
terial to  build  this  length  of  railroad, 
let  us  assume  that  a  fair  average  size 
of  rail  is  one  weighing  75  pounds  to 
the  yard.  Much  of  the  track  in  the 
Eastern  States  weighs  80,  90  and  100 
pounds  to  the  yard,  while  most  of  the 
track  west  of  the  Mississippi  weighs 
70,  (JO  and  in  some  instances  as  low  as 
rA)  pounds  to  the  yard.  On  this  basis 
it  is  an  easy  calculation  to  determine 
that  the  total  weight  of  these  rails  is 
over  2.''),(KHMKK)  tons;  and  if  the  mass 
were  melted  and  cast  in  solid  pyra- 
midal form  it  would  contain  lOlS.TAO,- 
(KK)  cubic  feet,  and  would  be  over 
15  per  cent  larger  than  the  great 
l*yramid  itself.  If  the  rails  were  cast 
in  one  rectangular  block,  it  would 
form  a  mass  A'M)  feet  square  on  the 
hase  and  equal  in  height  to  the  Wash- 
ington Monument,  which  towers  550 
feet  above  its  base. 

Railroad  Ties. — The  railroad  ties 
used  in  this  country  vary  in  size  from 
n  tie  8  inches  wide,  (>  inches  deep  and 
9  feet  long  to  ties  as  much  as  12  inches 
in  width  and  8  inches  in  depth.  A 
fair  average  would  be  a  tie  10  inches 
in  width  and  7  inches  in  (lei)th  and  9 
feet  long,  and  a  good  average  spacing 
would  be  24  inclies.  center  to  center 
of  the  ties,  or  say  2,<)()0  to  the  mile. 
On  this  basis  we  find  that,  could  all 
these  ties  l)e  gathered  together  on  the 
Nile  desert  and  piled  one  upon  an- 
other into  a  pyramid  of  the  same  pro- 
l)ortions  as  that  at  (Jizeh,  it  would 
form  a  mass  twenty-four  times  as  great 
as  the  Pyramid  of  the  Pharaohs,  meas- 
iirinjr  2.2(K)  fe«M  on  its  base  and  reach- 
\u\x   \.'.V.H)    feet    into    the    air. 
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B  the  fxfgure:*  ant)  tho  coniiuirisoufi  arc  fnr  that  year. 


123  SCIENTIFIC    AMERICAN    REFERENCE    BOOK. 


SCIENTIFIC   AMERICAN   RBFBRENCE   BOOK. 


124 


SCIENTIFIC    AMERICAN    REFERENCE    BOOK. 


UcKTk  and  Gravel  Ballast. — After  the 
ties  and  railH  have  been  laid  in  the 
ronHtnir'tion  of  a  railroad  the  ballast 
cam  paHS  over  it  and  unload  their 
broken  rock  or  gravel,  which  is  tampe<l 
lN*neath  and  filled  around  the  ties  to 
form  a  solid  but  well-drained  founda- 
tion. On  some  of  our  Eastern  roads 
Hie  depth  of  the  ballast  will  exceed 
IS  or  2<)  inches;  on  the  other  hand, 
some  of  the  Western  roads  have  nont* 
ut  all,  although  of  late  years  a  vast 
advance  has  lyeen  made  in  the  ballast 
ing  of  the  more  cheaply  constructed 
systems.  Assuming  an  average  depth 
of  12  inches  of  ballast,  we  find  that 
if  tlie  railroad  builders  of  the  United 
States  had  concentrated  their  efforts, 
as  did  the  F]gyptians  of  old,  on  a  sin- 
gle structure  on  the  banks  of  the  Nile, 
they  would,  in  a  period  of  years  not 
much  greater  than  that  required  to 
build  the  Pyramid,  have  raised  a  pyra- 
mid of  their  own  l'i5  times  greater  in 
bulk  than  the  tomb  of  Cheops.  This 
vast  pile  would  measure  3,iMH)  feet  on 
each  side  at  the  Imse,  and  would  lift 
its  head  nearly  half  a  mile  into  the 
air,  or  to  be  exact,  just  2.5(H)  feot. 
Were  the  spirit  of  the  great  ('hoops 
to  return  to  earth,  and  attempt  to 
pace  off  the  distance  around  the  base, 
it  would  have  to  step  out  some  r).(KX) 
paces,  or  say  three  miles,  to  make  the 
circuit;  and  should  it  climb  to  the 
summit,  it  would  have  to  make  a  jour- 
ney of  about  three-quarters  of  a  mile. 
So  much  for  the  roadl)ed  and  the 
track.  Now  let  us  turn  our  attention 
to  the  equipment. 

I^K-omotives. — At  the  close  of  the 
fiscal  year  1(H)1,  there  were  in  s«*rvice 
on  the  I'nited  States  railroads  :V,),T2'.) 
locomotivoH.  Assuming  that  the  av 
ernge  locomotive  fills  a  block  K)  feet 
wide  by  IT)  feet  high  by  r»()  fe(»t  long, 
ancl  that  all  these  locomotives  could  he 
brought  into  review  at  (Jizeh  and  tlion» 
piled  up  into  one  great  bhx-k,  a  loco- 
motive that  would  fill  that  block  would 
be  510  feet  in  height  and  1.7(M)  feet, 
or,  say,  a  third  of  a  mile,  in  length,  lis 
smokestack  towering  *2U  feet  above  the 
summit  of  the  Pyramid. 

I'assenger  Cars. — There  are  ,'55,8<K) 
passenger,  mail  and  baggage  cars  on 
our  railroads,  and  a  typical  car  repre- 
senting the  space  occupied  by  these 
would  be  5<M)  feet  high  and  1.1)50  feet 
in  length,  and  it  would  take  3  1-2  great 
Pyramids  to  «»(|ual  it  in  bulk. 

Freight  Cai-s.-.Vs  far  as  the  e<iuii>- 

ment  is  coni-erned  it  is  in  tlie  extraor- 

<linary  number  of  tlie  freight   cars  em- 

ploycd  that    uc  get   the  best   idea  of 


the  great  scale  upon  whicl 
roads  are  operated.  The  toi 
of  cars  is  1,409.472.  The; 
course,  considerably  in  sin 
and  type,  there  being  in  addi 
familiar  box  car,  the  coal  < 
rious  size  and  type,  the  fr 
and  a  small  number  of  mv. 
cars  for  railroad  constru 
other  purposes.  A  single  box 
senting  the  space  occupied  b 
freight  cars  would  be  two-t 
mile  in  length  and  one-qua 
mile  in  height.  The  Pyram 
ops  would  reach  about  to  t 
the  car.  Were  the  Eiffel 
alongside  of  it,  it  would  i 
two-thirds  of  the  distam'e  t 
while  the  whole  Brooklyn  B 
its  anchorages,  could  be  pla 
inside  the  car,  and  if  the  f 
of  its  piers  rested  upon  the 
the  summit  of  its  towers  y 
reach  only  half  way  to  the  i 
car. 

Employees. — It  requires  ov 
lion  employees  for  the  maint* 
operation  of  our  railroads, 
nearly  one-half  are  engaged 
track  and  roadbed,  in  r 
made  up  as  follows:  Thei 
HIT  section  foremen,  each  of 
a  stretch  of  a  few  miles  of  t: 
his  charge,  and  a  gang  of  fi 
eight  or  ten  section  men.  his 
ing  those  of  maintaining  th 
proper  level  and  line,  seein 
track  bolts  are  kept  tight,  tli 
good  order,  and  that  the 
properly  trimmed,  graded  ai 
The  total  number  of  trac 
ployed  in  the  section  gang 
are  called,  is  239,1(KJ.  Thei 
47,57(>  switchmen,  flagmen  i 
men,  who  are  engfaged  in 
work  at  the  yards,  in  gm 
level  crossings,  and  in  pat 
track.  There  are  also  over 
employed  on  work  trains 
work  incidental  to  track  mi 
In  addition  to  the^e  there  a 
hiborers  engaged  in  constri 
I  repair  and  maintenance  w« 
rious  kinds,  making  a  toti 
I  on  track  work  and  general 
1  nected  therewith  of  450.704 
rying  out  our  system  of  < 
I  with  some  standard  of  bull 
I  cliosen  tlie  Park  Row  Bull 
York,  whicli  has  a  total  hei 
feet.  If  this  army  of  trar 
l.-ilnn-is  wcir  combined  in  < 
^iant.  lie  would  be  some  3 
lieiiiht  and  of  proportionate 
bulk.      Tln»    next    hugest    it 
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machinists,  of  which  there  are  34,0^9. 
the  car]>enterH^  of  which  there  are  48.- 
U4<{.  and  vanous  other  shopmen  en- 
gaged in  the  repair  and  general  main- 
tenance of  the  rolling  stock  to  the 
number  of  120,550.  making  a  total 
number  of  skilled  and  unskilled  men 
in  the  railroad  shops  of  204.104.  The 
next  largest  total  is  that  of  the  sta- 
tion agents,  baggage  masters,  porters, 
etc.,  there  being  32.204  station  agents 
and  04,847  baggage  masters,  porters, 
etc.  Then  follow  the  conductors  and 
brakemen,  32,000  of  the  former  and 
84,403  of  the  latter.  There  are  02,- 
458  enginomon  and  firemen,  45.202  of 
the  former  and  47.1(iO  of  the  latter. 
Emj|>loyed  in  the  general  offices  of  the 
various  railroad  <*ompanies,  in  per- 
forming the  vast  amount  of  clerical 
work  re<iuirt»<l.  there  are  30,701  clerks, 
while  sheltered  under  the  same  roof 
is  a  l)ody  of  men  u[K>n  whom  as  much 
as  or  more  than  any  other  in  the  whole 


I  army  of  railroad  eraployecv  falls  iLh 
resjionHibility  of  the  safety  of  XrMu* 
and  paasengera — the  telegraph  open- 
tors  and  dispatchers,  of  whom  therr 
are  altogether  26,00(1  The  smallest  in 
number,  but  controIliDg  the  whole  o( 
this  rast  organisation,  are  the  general 
officers,  presidents,  rice-presidents 
treasurers,  secretaries,  etc.,  of  whoa 
there  are  4.780. 

Money  Value.— Perhaps,  after  all 
the  moat  remarkable  figures  are  thow 
which  show  the  total  value  of  the  rail- 
road system  of  the  Vnited  StateiL 
which  ezpreaaed  in  figures  is  13.30H.- 
029,032  dollars.  If  this  sum  were  rep- 
resented In  ten-dollar  gold  pieces,  and 
these  pieces  were  set  on  edge,  side  by 
side»  they  would  reach  more  than  half 
way  from  New  York  to  San  Fran- 
cisco, or  1.700  mllea.  Or,  were  this 
coin  melted  and  run  Into  a  single  cast- 
ing, it  would  form  a  column  15  feet 
in  diameter  and  259  feet  in  height. 


ABSTRACT  OF  STATISTICS  OF  RAILWAYS  IN  THK  UNITED  STATES 

FOR  THE  YEAR  ENDING  JUNE  30, 1908. 


From  summaries  which  appear  in 
the  Sixtt'enth  Statistical  Reprt  of  the 
Inti'rstate  C^oniiiierce  CoDiiniHiiion.  pre- 
pared hy  its  statistician  as  the  com- 
l)h»|p  n^port  for  th»»  year  ending  June 
IM),  V,KKi,  this  information  is  obtained: 


MILEA<;E       AM)       CAI'ITALIZATIO.V       OF 

KOADS. 

Tho  total  siiiul«''irark  railwav  njile- 
as«'  in  tlu*  Tiiit^'d  States  on  Juno  .'{0, 
UHa.  was  l»()T.l»77.L*i:  miles,  having  in- 
creased r>. ."><>.").:{ 7  miles  in  the  vear  eud- 
niK  on   that   dat4'.     This   im-rease  ex- 

Vvr^**  ^l'\'^  **^  **">'  Pi't'vioiis  year  sinee 
IS'.M).  Tlie  nineteen  states  and  terri- 
tories for  wliich  an  increase  in  mileage 
J*xc,H.dinjr  liM)  niiles  is  slmwn  are  Ar- 
kansas. California.  <M'orpia,  Illinois. 
Kouis-iana,  .Michiii.in.  Miiim-sota.  Mis- 
^>»'>*ippi.  .Missouri.  North  i  'andina. 
>orih  Dakota,  reiinsylvania.  Texas. 
Uashintfion.  Wc^t  Virjrinia.  Wiscon- 
''/"i  AV'^'?"  Territory.  Xew  Mexico. 
JUi'l  Uklnli..nia.  Most  of  the  railwav 
mileage  of  the  country,  excej.tinp  that 
or  street  lines.  ,s  <over.Ml  l,v  reports 
H"r|[**'''''^  »<>  the  Commission  I.y  the  car- 

onor*!";  ^l"'  ''T"'"  ""'^•'»'  <'onsideration  the 
Tan?  Ml  v"''^^"*'r  '■•"»^-*^«-"'nff  wl.i,.h  snl>- 

milos  of  l,„o  on  which  trackaRo  privi- 
It^gos   were  exercised.     The   nKKroKato 


I 


length  of  railway  mileage,  includin; 
tracka  of  all  kinda,  was  283,8:21uiL' 
miles,  being  classified  as  follows  : 
Single  track,  20S313.54  milep;  8<n- 
ond  track,  14,081.03  miles:  third 
track.  1.908.53  miles;  fourth  track. 
903,30  miles;  and  yard  track  and 
sidings.  01,500.00  miles.  Thus  it  ap- 
pears that  there  was  an  increase  of 
(MI20.10  miles  in  the  aggregate  lenictb 
of  all  tracks,  of  which  8^339.13  miles, 
or  34.00  per  cent,  were  due  to  the  ex- 
tension of  yard  track  and  sidings. 

The  number  of  railway  corporations 
included  in  the  report  was  2.078.  Of 
this  number  1,030  maintained  operat- 
ing ac(*ounts,  805  being  classed  as  in- 
do|)endent  operating  roads  and  231  ai 
subsidiary  roads.  Of  roads  operated 
under  lease  or  some  other  form  of  con- 
trnt-t.  310  received  a  fixed  money  rent- 
al, l.^»0  a  contingent  money  rental,  and 
•JT.'j  were  operated  under  conditions 
not  readily  classified.  In  the  course 
of  the  year  railway  companies  owning 
11.074.10  miles  of  line  were  reorgan- 
i7.«'d,  merged,  consolidated,  etc.  For 
the  year  1!)02  the  corresponding  item 
was  7,3W>.00  miles. 

The  length  of  mileage  operated  hv 
rooeivers  on  .Tune  30,  1908,  was  V 
isr».4r)  milpR,  showing  a  decrease  of 
12S1>.S7  miles  as  compared  with  the 
previoiis  year.  The  number  of  road» 
in  the  hands  of  receivers  was  the  same 
as  at  tUo  close  of  the  previous  year,  9 
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roads  having  been  taken  from  the 
hands  of  receivers  and  a  like  number 
having  been  placed  in  charge  of  the 
courts. 

EQUIPMENT. 

On  June  30,  1903,  there  were  in 
the  service  of  the  railways  43,871  loco- 
motives, the  increase  being  2,046.  As 
classified,  these  locomotives  were :  Pas- 
senger, 10.570;  freight,  25,444; 
switching,  7,058.  There  were  also  799 
not  assigned  to  any  class. 

The  total  number  of  cars  of  all 
classes  was  1,753,3^,  this  total  hav- 
ing increased  113,204  during  the  year. 
The  assignment  of  this  rolling  stock 
was,  to  the  passenger  service,  38.140 
cars;  to  the  freight  service,  1,053.782 
cars :  the  remaining  01,467  cars  being 
those  employed  directly  by  the  rail- 
ways in  their  own  service.  Cars  used 
by  the  railways  that  were  owned  by 
private  companies  and  firms  are  not 
included  in  this  statement.  The  aver- 
age number  of  locomotives  per  1,000 
miles  of  line  was  214,  showing  an  in- 
crease of  8.  The  average  number  of 
cars  per  1,000  miles  of  line  was  8,540, 
showing  an  increase  of  345  as  com- 
pared with  the  previous  year.  The 
number  of  passenger-miles  per  pas- 
senger locomotive  was  1.978,7o6,  show- 
ing an  increase  of  70,470  miles.  The 
number  of  ton-miles  i)er  freight  loco- 
motive was  0.807,981^  showing  an  in- 
crease of  141,482  miles  as  compared 
with  .Tune  30,  1{M)2. 

'Hie  aggrogate  number  of  locomo- 
tives and  cars  in  the  service  of  the 
railways  was  1,707.2()0.  Of  this  num- 
ber 1,402,2.59  wore  fitted  with  train 
brakes,  indicating  an  increase  during 
the  year  of  1.5.W14.  and  1,770.558 
were  fitted  with  automatic  couplers, 
indicating  an  increase  of  122.028. 
Practically  all  locomotives  and  cars  in 
passenger  service  had  train  brakes, 
and  of  the  10,.570  locomotives  in  that 
service.  10  110  wore  fitted  with  auto- 
matic conplors.  Only  a  few  cars  in 
passenger  sorvire  wore  without  auto- 
matic couplers.  With  respect  to 
freight  o<iuii)ment  it  appears  that  most 
of  the  freight  locomotives  had  train 
brakes  and  OH  per  rent  of  them  auto- 
matic couijlers.  Of  l.(J,">.'i.782  cars  in 
freight  service  on  .Tune  .SO.  UM).3,  1.- 
.^'»2.123  had  train  brakes  and  l.a32..^'^0 
automatic  couplers.  In  this  report 
there  have  been  continued  s<»veral  sum- 
maries, first  i)resonte(l  in  the  report  for 
1902.  to  sliow  tlie  general  tyi>o  of 
ofll<iency  of  locomotives  and  tlie  ca- 
pnrity  of  froif^ht  earn. 


In  these  summaries  locoDoiotivea  are 
classified  under  the  heads  of  single-ex- 
pansion locomotives,  four-cylinder  com- 
pound locomotives,  and  two-cylinder 
compound  or  cross-compound  locomo- 
tives. Each  of  these  classes  of  locomo- 
tives is  further  classified  according  to 
the  number  of  drivers,  and  the  number 
of  pilot  wheels  and  trailers. 

Freight  cars  are  first  classified  as 
box  cars,  flat  cars,  stock  cars,  coal 
cars,  tank  cars,  refrigerator  cars,  and 
other  cars.  The  cars  in  these  classes 
are  further  distributed  among  the 
requisite  number  of  subclasses,  the 
lowest  of  which.  Class  I.  being  for  can 
having  capacities  in  the  10,000  of 
pounds;  Class  II  for  cars  in  the  20,- 
000  of  pounds,  the  other  classes  suc- 
cessively increasing  in  the  same  ratio. 


EMPIX)TEE8. 

The  number  of  persons  on  the  pay 
rolls  of  the  railways  in  the  United 
States,  as  returned  for  June  30,  1903, 
was  1,312,537.  or  039  per  100  miles  of 
line.  These  figures,  when  compared 
with  the  corresponding  ones  for  the 
year  1902.  show  an  increase  of  1^,222 
in  the  number  of  employees,  or  45  per 
100  miles  of  line.  The  classification 
of  employees  includes  enginemen,  52.- 
993 ;  firemen,  56,041 ;  conductors,  39.- 
741,  and  other  trainmen,  104,885. 
There  were  49.961  switch  tenders. 
Crossing  tenders,  and  watchmen.  With 
regard  to  the  four  general  divisions  of 
railway  employment  it  appears  that 
general  administration  required  the 
services  of  45,222  employees ;  mainte- 
nance of  way  and  structures,  433,048 
employees  ;  maintenance  of  equipment, 
253.889  employees,  and  conducting 
transportation,  576,881  employees. 
This  statement  disregards  a  few  em- 
ployees of  which  no  assignment  was 
made. 

The  usual  statement  of  the  average 
daily  compensation  of  the  18  classes  of 
empIo5'ees  for  a  series  of  years  is  con- 
tinued in  the  present  report,  which 
shows  also  the  aggregate  amount  of 
compensation  paid  to  more  than  97  per 
cent  of  the  number  of  employees  for 
the  year  11K)3  and  more  than  99  per 
cent  for  the  six  years  preceding.  The 
amount  of  wages  and  salaries  paid  to 
employees  during  the  year  end'ne  June 
:U)  lOO:^  as  reported,  was  $757,321.- 
41.":  ]>ut  this  amount,  as  compared 
with  the  total  reported  for  the  year 
11M)2,  is  understated  for  want  of  re- 
twrn?^  \>>f  !$18,(>00,000  at  least. 


CIENTIFIC   AMERICAN    REFERENCE    BOOK. 


139 


%  or  BAILWAT  PROPERTY. 

ilue  of  the  amount  of 
il  outstaDdinx  on   June 

was  $12,599/J$M)/2D8, 
ents  a  capitalization 
er  mile  for  tbe  rail- 
>  United  States.  Of 
tS.  155.550,032  existed  as 
ch  $4,870,961,012  was 
;i,278,508.020  preferred, 
ing  part. $0,444,431 ,226, 
bt,  which  consisted  of 
Is.  $5,420,7:10.154;  mis- 
ifations,  $040,704,135; 
$234,010,821,  and  equip- 
»Iigation8,  $1424»80,110. 
ties  are  not  included  in 
I  for  the  reason  that  this 
tedness  has  to  do  with 

rather  than  with  the 
ad  equipment  of  a  road, 
ties  for  the  year  amount- 
,900,  or  $4,211  per  mile 

capital  stock  outstand- 

.103,  or  43.94  per  rent, 
ends.  The  amount  of 
ired  during  the  year  was 
being  equivalent  to  5.70 
ridend-paying  sto<*k.  For 
ng  June  30.  1902.  the 
lividends    declared    was 

Of  the  total  amount  of 
ing,  $6.155,559.a32,  (5.59 

from  1  to  4  per  cent ; 

from  4  to  5  per  cent ; 

from  5  to  0  per  cent ; 
:  from  0  to  7  per  cent, 
?nt  from  7  to  8  per  (»ent. 
f  funded  debt  (omitting 
it  obligations)  that  paid 
IS  $272  788.421,  or  4.X^ 

mortgage  bonds,  $194.- 
58  per  cent,  of  miscel- 
rions,  $7,377,925.  or  1.15 

of  income  bonds.  $71.- 
.39  per  cent,  paid  no  in- 


RVICE  OF  RAILWAYS. 

•  of  pasaengens  report od 
the  railways  in  tho  yoar 
>,  1903,  was  01>4.S01..^>:{.'>. 
ncrease  of  45,Oi:W):{0  as 
1  the  year  ending  Jinn» 
le  passenger-mi U»ng(».  or 
►f  paaseneers  oarriod  1 
91.5.703.881.  having  in- 
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•  of  tons   of   fro'irlit    rr 
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connoctinj?    mads    ami 
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which  exceeds  the  tonnage  of  the  pre- 
vious year  by  104.078,53(5  tons.  The 
ton-mileage,  or  the  number  of  tons  car- 
ried 1  mile,  was  173  222,278.993,  the 
increase  being  15.932.908,940.  The 
number  of  tons  carried  1  mile  per  mile 
of  line  was  85.5,447.  which  figures  in- 
dicate an  incn^ase  in  the  density  of 
freight  traffic  of  02.090  ton-miles  per 
mile  of  line. 

The  average  revenue  per  passenger 
per  mile  for  the  year  mentioned  waa 
2.00(5  cents,  the  average  for  the  pre- 
ceding year  being  1.980  cents.  The 
average  revenue  per  ton  per  mile  was 
0.703  cent.  This  average  for  the  pre- 
ceding year  was  0.757  cent.  Eamingii 
per  train  mile  show  an  increase  both 
for  passenger  and  freight  trains.  The 
average  cost  of  running  a  train  1  mile 
appears  to  have  increased  between  8 
and  9  cents.  The  ratio  of  operating 
expenses  to  earnings.  (5(5.1(5  per  cent, 
also  increased  in  comparison  with  the 
pi*e(*eding  3ear,  when  it  was  (54.00  per 
cent. 

A  summary  of  freight  traffic,  classi- 
fied on  the  basis  of  a  commodity  classi- 
fication embracing  some  thirty-eight 
items,  is  continued  for  the  year  under 
review. 

EAKNI.NUS  AND  EXPENSES. 

The  gross  earnings  of  the  railways  in 
the  United  States  from  the  operation 
of  205,.S13.54  miles  of  line  were,  for 
the  year  ending  June  30.  1(K)3.  $1,900.- 
84(5,907,  b<'ing  $174,400,(540  greater 
than  for  the  previous  year.  Their 
operating  expenses  were  $1,257,538,- 
852,  or  $141.21K),105  more  than  in 
1002.  The  following  figures  give  gross 
earnings  in  detail,  with  the  increase 
or  tho  decrease  of  the  several  items  as 
compared  with  the  previous  year:  Pas- 
senior  re  venue.  $42 1,704.592— increase, 
$28.741,344 :  mail,  $41.709.3JM>— in- 
rroase,  $1.S73.5.">2 :  express.  $;i8  331,- 
JM54 — increase.  $4.078,.'»0,"i ;  otluT  earn- 
inirs  from  passenger  service.  $9.821,- 
277 — increase.  .S1MJ2.50H;  freight  reve- 
nue. .SI .3:{8.O20,(n>(5-  -  increase.  $130,- 
791. ISl  :  other  earnings  from  freight 
service.  $4.4(>7,(>25— de<Tease,  $379.- 
{VX\;  other  earnings  from  ojjeration. 
including  nnclassifird  items.  $4(5.792,- 
♦527  —  inrrease,  $8.;t99.243.  (Jross 
earnings  from  oj>eration  iier  mile  of 
line  avernced  $9,2.')S.  the  correspond- 
inir   average    for   the    vear    VM)2   being 

.S(;:n  irss. 

The    oj)»'ratinir    expenses    were    as 
si>:ned  to  the  four  v^ew^^rvvX  v\\n\?\oxv^  <^S. 
such    expenses.  i\s    tv)\V>\\^*.     >\v\\\\V 
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nance  of  way  and  structures,  $2G<>,421,- 
774  ;  maintenance  of  equipment,  $240,- 
429,742 :  conducting  transportation, 
$702,509,818;  general  expenses,  $47,- 
707.947;  undistributed,  $409,571.  Op- 
erating exx>enses  were  $6,125  per  mile 
of  Hue,  having  increased  $548  per  mile 
in  comparison  with  the  preceding  year. 
The  statistical  report  contains  an 
analysis  of  the  operating  expenses  for 
the  year  acc^ording  to  the  fifty-three 
accounts  prescribed  in  the  official 
classification  of  these  expenses,  with 
the  percentage  of  each  item  of  the  ex- 
penses as  classified  for  the  years  1897 
to  1903. 

The  income  from  operation,  or  the 
net  earnings,  of  the  railways  amount- 
ed to  $643,308,055.  This  item,  when 
compared  with  the  net  earnings  of  the 
year  1902,  shows  an  increase  of  $33,- 
176,535.  Net  earnings  per  mile  for 
1903  averaged  $3,133;  for  1902,  $3,- 
048,  and  for  1901,  $2,854.  The 
amount  of  income  obtained  from  other 
sources  than  operation  was  $205,687,- 
480.  In  this  amount  are  included  the 
following  items :  Income  from  lease 
of  road,  $109,696,201  ;  dividends  on 
stocks  owned,  $40,081,725 ;  interest  on 
bonds  owned,  $17,696,586,  and  miscel- 
laneous income.  $38,212,968.  The  to- 
tal income  of  the  railways,  $848,995,- 
535 — that  is,  the  income  from  opera- 
tion and  from  other  sources — is  the 
amount  from  which  fixed  charges  and 
similar  items  of  expenditure  are  de- 
ducted to  ascertain  the  sum  available 
for  dividends.  Deductions  of  such  na- 
ture totalized  $552,619,490,  leaving 
$296,376,045  as  the  net  income  for  the 
year  available  for  dividends  or  surplus. 

The  amount  of  dividends  declared 
during  the  year  (including  $420,400. 
other  payments  from  net  income)  was 
$197,148,576.  leaving  as  the  surplus 
from  the  operations  of  the  year  ending 
.Tune  30,  1903.  $99,227,469,  that  of 
the  previous  year  having  been  $94,855.- 
088.  The  amount  stated  above  for  de- 
ductions from  income,  $.552,619.^90, 
comprises  the  following  items : 
Salaries  and  maintenance  of  organi- 
zation. $4.30,427:  interest  accrued  on 
funded  debt,  $28.^0.53,124;  interest  on 
current  liabilities,  $9,060.<»45 :  rents 
paid  for  lease  of  road,  $112,230,384: 
taxes,  $.57,849,569;  jiermanent  im- 
provements charged  to  income  account, 
$41,948,183:  other  deductions.  .$47.- 
147,1.5S. 

It  is  perhaps  appropriate  to  mention 
that  the  foregoing  fisures  for  the  in- 
come and  expenditures  of  the  railways. 
I)emg  compiled   from    the   annual    re- 


turns of  leased  roads  as  well  as  of  op- 
erating roads,  necessarily  include  du- 
plications in  certain  items  of  income, 
and  also  of  expenditure,  since,  in  gen- 
eral, the  income  of  a  leased  road  is  the 
rent  paid  by  the  company  which  op- 
erates  it. 

RAILWAY  ACCnWNTS. 

The  statement  of  accidents  to  per- 
sons in  the  summaries  in  the  statisti- 
cal report  under  consideration  are  pre- 
sented under  the  two  general  classes 
of  accidents  resulting  from  the  move- 
ment of  trains,  locomotives,  or  cars, 
and  of  accidents  arising  from  causes 
other  than  those  resulting  from  the 
movement  of  trains,  locomotives,  or 
cars.  These  classes  include  all  the 
casualties  returned  by  the  carriers  in 
their  annual  reports  to  the  Commis- 
sion, whether  sustained  by  passengers, 
employees,  trespassers,  or  other  per- 
sons, and  for  a  number  of  reasons  they 
are  not  in  all  respects  comparable  with 
others  in  the  bulletins  that  are  based 
on  monthly  reports. 

The  total  number  of  casualties  to 
persons  on  the  railways  for  the  year 
ending  June  30.  1903,  was  86,393,  of 
which  9,840  represented  the  number 
of  persons  killed  and  76.553  the  num- 
ber injured.  Casualties  occurred 
among  three  general  classes  of  rail- 
way employees,  as  follows:  Train- 
men, 2,070  killed  and  2.5,676  injured; 
switch  tenders,  crossing  tenders  and 
watchmen,  283  killed.  2,352  injured: 
other  employees,  1,253  killed,  32.453 
injured.  The  casualties  to  employees 
coupling  and  uncoupling  cars  were, 
employees  killed.  281 :  injured,  3,551. 
For  the  year  1902  the  corresponding 
figures  were,  killed,  167;  injured,  2.- 
864.  The  casualties  connected  with 
coupling  and  uncoupling  cars  are  as- 
signed as  follows:  Trainmen  killed. 
211;  injured.  3,023;  switch  tenders. 
crossing  tenders  and  watchmen  killed, 
.57:  injured,  416;  other  employees 
killed,  1,*^;  injured.  112. 

The  casualties  due  to  falling  from 
trains,  locomotives,  or  cars  in  motion 
were:  Trainmen  killed,  440;  injured. 
4,191  ;  switch  tenders,  crossing  tenders 
and  watchmen  killed,  39;  injured, 
461:  other  employees  killed,  72;  in- 
jured. 5:^(5.  The  casualties  due  to 
jumping  on  or  off  trains,  locomotives, 
or  cars  in  motion  were:  Trainmen 
killed.  101:  injured.  ,%133 ;  switch 
tenders.  (Tossing  tenders  and  watch- 
men killed.  15:  injured,  279;  other 
en\v>loyees    killed,    82;    injured,    508. 
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casualties  to  the  same  three 
I  of  employees  in  consequence  of 
>ns  and  derailments  were: 
nen  killed,  648;  injured,  4,526; 
tenders,  crossing  tenders  and 
men  killed,  17;  injured,  137; 
employees  killed,  128;   injured, 

number  of  passengers  killed  in 
urse  of  the  year  1003  was  355. 
le  number  injured  8,231.  In  the 
us  year  345  passengers  were 
and  6,083  injured.  There  were 
isaengers  killed  and  4,584  injured 
le  of  collisions  and  derailments, 
otal  number  of  persons,  other 
employees  and  passengers,  killed 
.879;  injured,  7.841.  These  fig- 
Dclude  the  casualties  to  persons 
1  as  trespassing,  of  whom  5,000 
killed  and  5,079  were  injured. 
>tal  number  of  casualties  to  per- 
>ther  than  employees  from  being 
:  Inr  trains,  locomotives,  or  cars, 
4.534  killed  and  4,029  injured, 
asualties  of  this  class  were  as 


follows:  At  highway  crossings,  pas- 
sengers killed,  3;  injured,  7;  other 
I)ersons  killed,  895;  injured,  1,474;  at 
stations,  passengers  killed.  24 ;  in- 
jured, 108;  other  persons  killed,  390; 
injured.  501;  at  other  points  along 
track,  passengers  killed,  8;  injured, 
14:  other  persons  killed.  3.214;  in- 
jured. 1.925.  The  ratios  of  casualties 
indicate  that  1  employee  in  every  364 
was  killed,  and  1  employee  in  every  22 
was  injured.  With  regard  to  train- 
men— that  is.  enginemen,  firemen,  con- 
ductors, and  other  trainmen — it  ap- 
pears that  1  trainman  was  killed  for 
every  123  employed,  and  1  was  injured 
for  every  10  employed. 

One  passenger  was  killed  for  every 
1,957,441  carried,  and  1  injured  for 
every  84,424  carried.  With  respect  to 
the  number  of  miles  traveled,  how- 
ever, the  figures  show  that  58,917,645 
passenger-miles  were  accomplished  for 
each  passenger  killed,  and  2,541,0J^ 
passenger-miles  for  each  passenger  in- 
jured. 


INTERESTING   FACTS   CONCERNING   RAILWAYS. 


renoes  of  Gauge. — It  is  not  really 
what,  if  any,  principle  governed  the 
ination  in  the  first  imitance  of  the 
between  the  rails  of  4  ft.  8^  ins.,  which 
standard  railway  gauge  of  the  world. 
[pponed  to  have  been  a<lopted  from  the 
if  the  collieries  in  the  north  of  Elngland, 
uniform  width  necessitate<l  the  tii«e  of 
I  having  axles  of  an  outside  width  of 
In  places  these  wagons  ran  on  trani- 
with  a  flanice  on  the  outer  e<lfl:e  of  the 
rhen  came  the  edge  rail,  which  tranx- 
the  flanfce  to  the  wheel.  Hpwever,  the 
ridth  of  track  was  continue<l,  but  meaH- 
'om  the  inner  edge  of  the  rail  it  Rave  a 
of  4  ft.  S\  ins.  When  Stephenson  was 
rl  from  these  collieries  to  build  the  I.iv- 
and  Manchester  railway,  he  brought 
m  the  gauge  with  which  he  was  familiar. 
4  ft.  8^  ins.  gauge  is  the  standanl  one  in 
5,  with  but  fewexceptionn,  and  in  North 
i&,  ami  throughout  the  world  f^enerully, 
I  every  country  f)08.MC}«>*eM  lines  of  nar- 
gauges.  European  countries  hnvine  :i 
nt  gauge  are  Ireland.  5  ft.  3  ins..  Russia, 
uid  Spain,  5  ft.  0  ins.  The  standard 
of  India  is  5  ft.  6  ins.,  while  there  are 
number  of  railways  whose  mileage 
ts  to  42  per  cent,  of  the  whole,  built  on 
t,  3i  ins.  gauge.  In  New  Zealand.  Ta^- 
,  South  Africa  and  the  Sudan  the  ^tand- 
.uge  is  3  ft.  6  ins.  Australia  hu'*  no 
rd  gauge.  In  New  South  Wale-*  the 
is  4  ft.  8^  ins.,  in  Queensland  3  ft.  0  in>., 
Victoria,  5  ft.  3  Jns, 


CAPE     TO     CAIRO     RAILWAY. 

The  Cape  to  Cairo  Railway,  which  was  the 
late  Mr.  Rhodes 's  scheme  for  joining  the 
8outh  and  north  of  Africa,  a  dit«tance  of  nearly 
5,000  mile*,  is  making  ra[)id  progress.  North- 
wards frr)m  the  Cai>e  the  line  has  been  carried 
forward  by  the  Chartere<l  Company  to  the 
Wankie  coal-fields,  which  are  200  miles  north 
of  Buluwayo  (or  l.StiO  miles  north  from  the 
sea),  and  some  70  miles  south  of  the  Victoria 
Falls.  At  the  present  rate  of  (irogress  it  is 
exj)ected  that  the  railway  will  reach  the  Vic- 
toria Falls  about  April,  1905.  In  the  north 
the  railway  only  runs  as  far  as  Khartoum,  and 
in  spite  of  the  agreement  with  Abyssinia  per- 
mitting the  making  of  a  line  through  its  terri- 
tory, no  extenfiion  south  is  likely  in  the  present 
generation. 

Mr.  Rho<les's  idea  wa.M  to  fit  the  main  linM 
with  branches  to  the  coa.st ;  there  will  be 
many  of  the^^;  in  time.  Two  are  finished,  the 
I'ganda  Railway  (British)  and  the  Heira-Sal- 
ishury  line  (Portuguese);  others  are  planned, 
such  as  the  Congo- Katanga  Railway  (Belgian) 
to  Rhodesia  and  one  through  German  Fast 
Africa.  The  Ca|)e  to  Cairo  telegraph  is 
rapiilly  approaching  com[>leti(m;  it  has  now 
reached  Central  Africa. 


TRANS-STBFRIAN     RAILWAY. 

The   Oldening   of   the   Trans-Siberian    Mail 
route  promises  to  acceWtale  VVva  \T^tvMv\v**\vwv 
of  Euro|)can  \etlers  \o  ai\i\  ^toiu  V\vft  \\v^x^\i  <A 
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China.  A  letter  pooted  from  TientMin  c>n  the 
30th  Augiwt,  1002,  and  forwarded  by  this 
route,  was  delivered  in  Liverp<x>l  on  the  28th 
September— just  28  days  later.  The  trans- 
mission of  letters  via  Brindisi  or  via  Van- 
couver usually  takes  from  36  to  40  dajrs. 
Therefore,  the  Trans-Siberian  Railway  saves 
at  least  a  week,  which  is  a  matter  of  great  im- 
portance to  commercial  houses.  Delivery  is, 
however,  erratic,  and  no  working  arrange- 
ment has  yet  been  arrived  at  between  the 
Post  OflBces  of  Great  Britain  and  Russia.  All 
that  the  former  does  is  to  forward  letters 
marked  "Via  Siberia"  by  the  Russian  route; 
all  others  g;o  by  sea. 

On  Sept.  27th,  1903,  the  mails  to  the  Far 
East  were  ciespat<;he<l  from  Paris  (Nord)  for 
the  first  time  via  Berlin  and  Moscow. 

Moscow  is  the  western  terminus  of  the 
Trans-Siberian  Railway,  the  main  line  of 
which  extends  thence  to  Dalny,  a  distance  of 
5,403  miles.  The  Manchuria-Dalny  section, 
1,171  miles,  embraces  the  following  important 
junctions:  Harbin,  for  Vladivostok  via  Gro- 
dekovo;  Tachitchiao,  for  Pekin  via  Inkoo 
(Newchang),  and  Nangaline  for  Port  Arthur. 

The  most  direct  route  from  Ixindon  to  Mos- 
cow is  via  Dover,  Ostend,  Berlin,  Alexan- 
drowo,  Warsaw,  and  Brest  Litewski.  The 
distance  is  1.800  miles,  and  the  through  jour- 
ney occupies  67  hours. 

The  Coast  terminals  of  the  Trans-Siberian 
Railway,  vix.,  Dalny,  Madivostok.  and  Port 
Arthur,  are  also  ports  of  call  with  various 
steamship  companies,  whose  boats  are  ar- 
ranged to  connect  with  the  train  service  gen- 
erally. Thus,  the  boats  of  the  East  China 
Railway  Company  ply  between  Dalny  and 
Shanghai,  Dalny  and  Npgasaki,  and  Dalny, 
Port  Arthur,  ami  Chifu.  and  l)etween  Vladi- 
vof*t4)k  and  Shunghai.  The  "Oiye"  (Japan) 
Line  call  at  Vladivostok  and  sail  to  and  from 
all  Japanese  ports.  The  Russian  Volunteer 
fleet  has  a  steamship  service  between  Odessa 
and  Vladivost<>k,  calling  at  Singapore,  Port 
Arthur,  and  Nagasaki.  The  "Nipon  Vusen- 
Kaisha"Comj)any  furnish  boats  between  Kobe, 


Nagasaki,  Fusan,  (iensan.  and  Madiv<»tok. 
and  between  Kobe,  Chifu.  Dalny,  Port  Arthur, 
and  Taku.  The  Hambur^-Ainerican  Line 
gives  a  service  between  HongkoDg  and  Madi- 
voetok. 

Fares  from  London,  vis  Dover,  Ostend,  and 

Alexandrowo: 

1st        2d 
Class.  ClaM 

To  Dalny $1W  $135 

ToPekii. 200  140 

To  Port  Arthur 200  140 

To  Vladivostok 185  125 

To  Shanghai 215  150 

To  Nagasaki 215  ISO 

Trains  are  ferried  acroes  Lake  Baikal,  bat 
the  railway  round  the  south  of  the  lake  i^ 
being  built.  The  Manchurian  Railway  itself 
is  in  a  very  bad  condition,  owing  to  poor  con- 
struction. Days  and  sometimes  weeks  of  de- 
lay are  common.  The  Siberian  main  Une. 
now  sinc^e,  is  to  be  doubled. 

New  Trans-Canadian  Railway.— The  Grand 
Trunk  Railway  Company  has  secured  the 
assent  of  the  Dominion  Parliament  to  the 
construction  of  a  new  railroad  straight  arrow 
Canada,  from  New  Brunswick  in  the  east  te 
the  Pacific  Ocean  in  the  west.  The  Govern- 
ment will  themselves  be  the  owners  of  the 
whole  line  from  New  Brunswick  to  Winnipeg, 
but  the  line  is  to  be  leased  to  and  worked  by 
the  Grand  Trunk  Pacific.  The  Grand  Trunk 
Pacific  will  be  restricted  in  its  ixissession  and 
ownership  of  the  road  west  of  Winnipeg. 

Sahara  Railway. — A  project  which  Is  being 
much  discussed  in  France  is  a  railway  acnw^ 
the  Sahara.  Three  routes  have  been  mg- 
gpj<te<i,  one  from  Igli  to  the  Niger,  one  fntin 
Biskra,  214  miles  southeast  of  Algiers,  to  the 
west  shore  of  I^ke  Chad,  and  the  third  fn>ni 
Bizerta  in  Tunis  to  Lake  Chad.  M.  Paul 
Bonnard,  an  expert  in  African  affairs,  recom- 
mends the  latter,  as  it  would  connect  the 
French  possessions  in  North  Africa  with  the 
French  Cbngo,  and  thus  become  a  trAn>- 
African  railway. 

—Daily  MaU  Year  Book. 


STREET  AND  ELECTRIC  RAILWAYS  IN  THE  UNITED  STATES.  1902. 


The  statistics  contained  in  this  sec- 
tion cover  all  street  and  electric  rail- 
ways in  the  United  States  that  were 
in  operation  durinj:  any  part  of  the 
year  ending;  .Inne  IMK  IIMKJ.  The  term 
"street  an<l  electric  railways"  as  here 
used  inchnles  all  electric  railways  irre- 
spe<tive  of  their  length  or  location, 
and  all  str»*et  railways  irresi>ective  of 
tlieir  motive  power.  At  the  <'ensus  of 
ISIM)  tlH»  raiin)ads  that  used  motive 
juiwer  other  than  steam  were  confined 
almost  exclusively  to  url»an  (listri<ts 
and  wen*  properly  classed  as  "street 
rnilwnys.'*  imt  t)io  a]']>Ii<*Jition  of  elec- 


tri<*ity    has    enabled    these    roads   to 
greatly  extend  their  lines  in  rural  dis- 
tricts, and  a   large  proportion  of  the 
trackage  is  now  outside  the  limits  of 
cities,    towns,   or   villages.      That   the 
use    of    electric    power    has    been   the 
principal  factor  In  the  development  of 
tlu\se    railways    during    the    past    few 
years    is   shown    by    the    table   which 
I)resents  for  the  years  18JK)  and  VMtL 
the   number  of  companies   and    miles 
of      single      track      in      the       United 
Sint(»s.    segregated   according   to  char- 
acter of   motive  power  which    is  em- 
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R    OP    COMPANIEB    AND    MILES    OF    SINGLE   TRACK    GROUPED 
ACCORDING    TO    MOTIVE    POWER:     1890    AND     1902. 


^CTER    OP    POWER. 


States. 


1902 


Num- 
ber  of 
com- 
pa- 
nies. 


849 

747 

67 

26 

9 


Miles  of 
single 
track. 


♦22,589.47 

t21. 920.07 
259.10 
240.69 
169.61 


1890 


Num- 
ber  of 
com- 
pa- 
nies. 

Miles  of 
sinfcle 
track. 

761 

126 

506 

55 

74 

8.123.02 

1.261.97 

5,661.44 

488.31 

711.30 

PER  CENT  or 
INCREASE. 


9  12.48  miles  of  track  duplicated  in  reports  of  different  companies. 

fl  6.06  miles  operated  by  compressed  air. 

«. 


Mil«<  of 
single 
track. 


11.6 

178.1 

492.9 
86.8 
52.7 

:  87.8 

1,637.0 
t95.4 
150.7 
J76.2 

h  censuHes  some  companies 
be  use  of  more  than  one  kind 
.  and  in  order  to  show  the 
aber  of  companies  for  each 
»y  have  been  counted  more 
! ;  therefore  the  total  given  in 
ve  exceeds  the  actual  number 
te  companies.  The  increase 
igth  of  track  is  confinecl  en- 
the  roads  operated  by  electric 
7he  use  of  electric  power  was 
by  120  companies  in  1800 
in  10(>2.  The  single  track 
>|)e rated  by  this  power  in- 
rom   1,261.97   miles   in    1800 


to  21,020.07  in  1002.  A  decided  de- 
crease is  shown  in  the  number  of 
companies  and  the  trackage  for  each 
of  the  other  classes  of  power. 

The  length  of  single  track,  22.580.47 
miles,  reported  for  11K)2,  consists  of 
l<M>51.r>8  miles  of  first  main  track, 
r),(KK).3<»  miles  of  .second  main  track, 
and  O07.r).'{  miles  of  sidings  and  turn- 
outs. The  sp<'ond  table  reproduces 
the  totals  for  the  I'nited  States  and 
shows  the  mileage  of  each  of  the  dif- 
ferent classes  of  track  and  the  i)er 
rent  which  each  class  forms  of  the 
total. 


TRACK     MILEAGE 


AND     PER     CENT. 
OF     TOTAL:     1902. 


WHICH     EACH     CL.\SS    IS 


CLASS    OF   TRACK. 


track 

in  track.  .  . 
1  tumoutH. 

roUey.  -  .  . 
ric  power. 
d  air 


Single-track 
mileage. 


I  Per  cent 
of  total. 


*22.589.47 


16.f)5I.58 

5,0.30.36 

907.53 


21 


wned i  19 

sawed 'i 

nder  trackage  nght.«. 

d  and  opened  for  or)erati{)n  <IiirinK  the  yoar i  1 

right  ofway  owned  by  company 3 

riij^htof  way  not  owned  by  roinpMny 

thin  city  limits J  1.3 

tHide  city  limits i  HV 

ivith  cai»t  weldeil  j<iiiits 1 

98  12.48  miles  of  track  <luf)li('ate<l  in  rcporti«  of  iliflferent  companies. 

an  one-tenth  of  1  per  rent. 

ive  of  the  mileage  of  MajfuachubCtt^, 


.302  57 
011.44 
(i.OO 
520.10 
240.69 
KiO.ni 
.()3><.3.3 

5m.92 
.549.73 
.124.9f) 

377. 1 1 
.208.24 
.«.')5.58 
.t)42.*>S 


100.0 


73.7 

22.3 

4.0 


94.3 
2.7 

1.1 
1.1 

.8 
84.3 
15.7 

2.5 

0.9 
15.2 

1.7 
fi5.8 
34.2 

7.3 
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Of  the  total  single-track  mileage, 
21,914.01  miles,  or  07  per  cent,  were 
operated  by  electric  power  and  416.36 
miles,  or  1.9  per  cent,  by  other  me- 
chanical traction,  while  only  259.10 
miles,  or  1.1  per  cent,  were  operated 
by  animal  power,  as  compared  with 
m.7  per  cent  in  1890.  Of  the  total 
trackage  in  use  by  all  companies,  84.3 
per  cent  was  owned  by  the  operating 
companies  and  15.7  per  cent  leased. 
The  mileage  of  track  constructed  and 
opened  for  operation  during  the  year 
covered  by  this  report  was  1,549.73 
miles,  or'6.9  per  cent  of  the  total,  but 
this  does  not  cover  all  of  the  track  un- 
der construction.  A  number  of  miles 
of  track  were  in  various  stages  of  com- 
pletion, but  it  was  impracticable  to 
fix  upon  any  stage  of  the  work  at 
which  the  trackage  could  be  enume- 
rated other  than  that  of  actual  com- 
pletion. The  statistics  concerning 
track  located  on  private  right  of  way 
refer  particularly  to  rural  electric  rail- 
ways, many  of  which  have  bought  or 
have  had  surrendered  to  them  a  sepa- 
rate roadbed,  either  adjoining  or  in- 
dependent of  the  highway,  in  the  same 
manner  as  a  steum  railroad.  It  ap- 
pears from  the  reports  that  3,424.90 
miles  of  single  track  were  on  private 
right  of  waj'  owned  by  the  company. 
Occasionally  the  railway  is  built  on  a 
private  right  of  way  not  owned  by  the 
company,  an  example  of  which  would 
be  a  toll  bridge  owned  by  a  bridge  com- 
pany, to  whom  payment  for  the  privi- 
lege of  using  it  was  made.    Tliere  were 


377.11  miles  of  single  track  on  right  of 
way  of  this  character. 

The  inquiries  concerning  the  loca- 
tion of  track,  whether  within  or  with- 
out city  limits,  were  made  with  the 
intention  of  ascertaining  the  relative 
length  of  track  operated  in  urban  and 
rural  districts^  respectively.  In  a  num- 
ber of  cases  it  was  impossible  to  de- 
termine exactly  the  trackage  that 
should  be  assigned  to  these  two  sub- 
divisions. In  some  instances  the  track 
was  within  or  passed  through  thickly 
settled  communities  that  were  not  or 
ganized  as  cities  or  towns,  and  there- 
fore had  no  legal  limits,  and  it  was 
difficult  to  obtain  the  length  that 
should  be  considered  as  within  the  ur- 
ban district.  In  the  New  England 
states  densely  populated  communities 
are  legally  part  of  the  town  govern- 
ment, which  includes  also  rural  dis- 
tricts. Many  companies  in  Massacho- 
setts  reported  that  it  was  impractica- 
ble to  make  the  distinction,  and  ac- 
cordingly the  trackage  for  that  state 
has  not  been  included  in  this  classifica- 
tion. For  the  United  States,  exclusive 
of  Massachusetts,  13.208.24  miles  of 
single  trackage,  or  65.8  per  cent  of  the 
total,  were  reported  as  within  urban 
limits  and  6,855.58  miles,  or  34.2  i^er 
cent,  as  outside  of  such  limits. 

The  increase  in  the  trackage  is  due 
net  only  to  the  establishment  of  now 
companies,  but  very  largely  to  the  ex- 
tension of  the  lines  of  established  c-om- 
panies. 


COMPANIKS     CKOUPKD     ArrOUDTNC     TO 

IS'JO     AND     1902. 


LENGTH     OF     LINK: 


LKNtJTII    OF   UOAI>    BKI>. 


1902 


Number 
of  com- 
panies. 


Total *817 

Under  M)  miles 394 

10  to  20  miles 219 

Over  20  to  30  mile- '  70 

Over  30  to  40  miles 34 

Over  40  to  50  milev 25 

Over  .50  to  00  miles 10 

( )ver  00  to  70  miles 12 

Over70  to  80  miles 7 

Over  80  to  90  mile-' 0 

Over  90  to  100  miles 3 

Over  100  miles ._.  ._  25 

♦  Oi)eratinp  companies. 

t  llxclusivc  of  15  les-or  c<imj>anies. 

^l^clW)ivc  of  603.94  miles  estimated  iu  1800. 


I^HRth  of 
line. 


10,051.58 


1R90 


Number 
of  com- 
panies. 


Lenjcthof 
line. 


t691    ■  t5. 119.63 


1.9.57.16 

557 

2.304.49 

.3,148.94 

99 

1,353.42 

1.878.54 

16 

400.39 

1.197.83 

7 

251.74 

1,117.05  ' 

4 

178.(M 

892.86 

2 

101.57 

785.22 

2 

130.33 

532.46 

1 

7a48 

515.30  . 

1 

84.42 

277.12 

4.349.10 

2 

238.65 
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>MPARATIVE    SUMMARY.     ALL    COMPANIES:     1890    AND     1902. 


M>m|>anie8. , 

truetion  and  equipment , 

k  isKued 

t  outsiandinK , 

>m  operation , 

xpendituree. 

operating  expenses  of  earnings. , 

DMsenger  cars. 

rare  passengers  carried. 

smployees* 


987 

$2,167,634,077 

Sl.315.572,960 

$992,709,139 

S247.553,999 

$142,312,597 

57.6 

60.290 

4.809,554.438 

133,641 


706 

$389,357,289 

$289,058,133 

$189,177,824 

$90,617,211 

$62,011,185 

68.4 

32.505 

2,023.010,202 

70.764 


Percent 

of 
increase. 


39.0 
456.7 
355.1 
424.7 
173.2 
129.5 


85.5 

137.7 

88.9 


ve  of  salaried  officials  and  clerks. 


ngth  of  line"  as  given  in  the 

'ans  the  length  of  the  road- 

1  the  case  of  a  railway  lying 

rithin  city  limits,  the  length 

occupied.      In    determining 

of  single  track,  switches  and 

e  included,  and  double  track 

ed  as  two  tra'cks.     The  in- 

tbe  length  of  line  during  the 

twelve  years  amounted   to 

miles,  or  225.3  per  cent,  as 

with  an  increase  of  14,46(3.45 


miles,  or  178.1  per  cent,  in  the  length 
of  single  track.  Single-track  roads  are 
characteristic  of  rural  districts,  and 
the  fact  that  the  penrentage  of  increase 
in  length  of  line  is  greater  than  in 
length  of  single  track  is  due  princi- 
pally to  the  great  development  of  in- 
terurban  single-track  lines  since  1800. 
The  average  length  of  line  per 
operating  company  in  1890  was  7.41 
miles  as  compared  with  20.38  miles  in 
1002.      The    average    operating    com- 


ON    OF    STREET    AND     ELECTRIC     RAILWAYS    TO    POPITLATION 

1890     AND     1902. 


UEOQRAPHIC    DIVISIONS. 


Year. 


lited  St-atcs 

1902 

le 

1890 

itic 

1902 

le 

1890 

»tic 

1902 

e 

1890 

•al 

1902 

e 

1890 

•al 

1902 

e 

1890 

1902 

e 

1890 

Population. 


'     75.994,575 
62,622,250 


13,372,325 


21,046.695 
17,401,545 


3.645,150 

10,443,480 
8.857,920 


1,585,500 

26.333.004 
22..362,279 


3.970,725  I 

14.080.047   I 
10.972,893 


3,107.154 

4.091.349  ' 
3.027.613  . 


Total  number 

of  fare  pa.sMen- 

gers  carried. 

Average 
number 
of  riden 
per  in- 
habitant. 

4,809,554.4,38 
2.023,010,202 

63 
32 

2,786,544.236 

31 

2.618,528.979 
1.141,187,460 

124 
66 

1,477,341,519 

332,541,075 
101.647,174 

58 

32 
11 

230.893,901 

1 ,344.000.951 
538,309,887 

21 

51 

24 

805,691,064 

210.103.861 
98,005,026 

27 

15 
9 

112.098,835 

6 

304.379..572 
143,860.e>55 


1.063.736  '      160.518.91 7 


74 

48 


26 


ion  shown  for  1902  in  that  re/wrted  at  the  census  ol  \W>0, 


1 
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pany  in  1902  controlled  almost  three 
times  the  length  of  line  that  was  con- 
trolled by  the  average  company  in 
188K).  In  189()  there  were  only  8  com- 
panies operating  more  than  50  miles 
of  line,  and  in  1(K)2  the  number  of 
such  companies  had  increased  to  Oi). 
Of  the  total  numl)er  of  companies  re- 
ported for  18iK),  \HS)  per  cent  oi)erated 
lesH  than  20  miles  of  line  each,  and 
their  combined  length  of  line  amounted 
to  71.5  per  cent  of  the  total  in  the 
United  States:  in  1002  corresponding 
pjercentages  were  75  and  30.7,  respec- 
tively. Thus,  while  there  are  still  a 
large  number  of  companies  that  op- 
erate less  than  20  miles  of  track,  the 
portion    of    the    total    length    of    line 


operated  by  them  is  not  half  as  great 
as  in  1S90, 

The  extent  to  which  street  and  eltn*- 
tric  railways  are  used,  and  the  in- 
crease in  their  use  as  measured  by  the 
average  number  of  rides  per  inhabi- 
tant, are  shown  below. 

From  this  table  it  appears  that  the 
most  extensive  use  of  street  and  elec- 
tric railways  is  in  the  North  Atlantic 
tftates.  where  the  average  number  of 
rides  per  inhabitant  in  1902  was  124: 
the  Western  states  come  next  with  an 
average  of  74.  The  greatest  increase 
in  this  respect  is  shown  for  the  South 
Atlantic  states,  where  the  average  was 
almost  three  times  as  great  in  1902  as 
it  was  in  1890. 


NUMBER  OF   OPERATING   AND   LESSOR  COMPANIES    BY  STATES  AND 

TERRITORIES:    1902. 


Statrs  and  Territories 


United  States. 


Alabama 

Arizona , 

ArkannaH 

California 

(>)lora(io 

C^mnecticut 

Delaware 

DiNtrict  of  C-olumbin. 

V\orui& 

(jeorffia 

I  (iaho 

Illinoif) 

Indiana 

lowu 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachunetts 

Michigan 

Minnesota 


Total. 


987 


Operat- 
ing. 

817 


9 

9 

2 

2 

7 

7 

35 

35 

9 

8 

27 

23 

3 

3 

8 

8 

6 

6 

10 

10 

1 

1 

68 

50 

27 

27 

22 

22 

12 

12 

12 

12 

8 

1      8 

2() 

19 

12 

10 

93 

75 

24 

'     24 

5 

5 

States  and  Teriutgriks.     Total. 


Mississippi 

Missouri 

Montana 

Nebraska 

New  Hampshire 
New  Jersey .... 
New  Mexico.  .  . 

New  York 

North  Carolina. 

Ohio 

Oregon 

Penn-sylvania.  . 
Rhode  Island.  . 
South  Carolina. 
South  Dakota.  . 

Tennessee 

Texas 

Utah. 

Vermont 

Virginia 

Washin|?ton.  .  .  , 
West  Virginia. . 
Wisconsin 


5 

17 
5 
4 

13 

30 

1 

119 

7 

67 
6 
196 
8 
7 
1 
8 

17 
3 
9 

21 
8 
8 

17 


Operat- 
ing. 

5 

16 
5 
4 
7 

» 
1 

96 
7 

63 
6 

98 
8 
7 
1 
8 

17 
3 
9 

21 
8 
8 

17 


AcciDKNTS. — Tlio  folIowiiiK  State- 
ment reprodiK-es  the  totalH  concerning 
the  number  of  person.s  killed  and  in- 
jiin^d  in  the  United  States  for  the  vear 
lixrj: 


Persons.                 I  Killed. 

Total 1.218 

Passengers '  205 

Kmt)lovees '  122 

Othors". 831 


Injured. 
47,429 


26.690 

3.699 

17.040 


"Others"  referred  to  in  this 
statement,  include  persons  on  foot  or 
riding  in  vehicles  other  than  street 
(•ai*s  who  were  killed  or  injured  in  col- 
lision with  street  cars.  The  number 
of  persons  reported  as  killed.  1,218, 
and  injured,  47,421),  form  only  an  in- 
appreciable  percentage  of  the  total 
number  of  i)assenger8  carried. — From 
n  lUtUclin  published  by  the  CensMi 
BurvQu. 


CHAPTER  YT, 


POPULATION    OF   THE    UNITED    STATES. 


opDlatiOD  of  the  United  States, 
t  to  the  Twelfth  Census,  whs 
TO,  divided  BB  follows:  38,- 
mBles.  37.178,127  remaiee.  Of 
1,  60,653,299  were  native  born, 
A41,2T«    toreign    born.      The 


population  ia  again  divided  as  follows : 
White,  00.809.186 :  neiroes.  8.833,994 ; 
Indians  237,196.  but  this  figure  does 
not  include  the  popnlatiou  of  Indian 
territory  or  on  Indian  reservations ; 
Chinpse.  8!t,8e3 ;  Japanese.  24.326. 


1710. 

1800.             ISSO. 

1880, 

1800, 

1900. 

984.201 

1.282.505 

l.Bia,017 

5»:e2o 

11 

391,422 
■*S4:38S 

11 

,.s|.a 

2:093:889 

1.301.820 
1.389.600 
2.67a.lS4 
132.  IB9 
1.OSS.01O 

?:Si 

is2,7ia 

'328:808 

03 

121 

■531 
00( 

52» 
2.2H 
4,821 

148.608 
177.834 

*  32:eio 

3,077,871 
1.978,301 

435.450 

370^m4 

34:277 

7.<080 

"SiSS 

041273 

uloos 

a2.S4& 

182.888 

■■■■fcMi" 

1.711.0.S1 

"» 

■  74,913 
07.208 

■'11 

68t:o4 

1.231,008 
4fl.ll 

1,  saioi 

1,824.815 

■5« 

648',e36 

•Mi 
II 

'iioisas 

5,082,871 
3.108:062 

?'?3i'?S? 

73.877 

Z20.9M 

34i!M8 
422,845 

''wli'Slo 

1.188,044 

•Mt- 

8.850 

1.551.270 

28,84 
328OT 

3,S«0,73S 

902,022 

4.M 

2,339,.'il 

iiihi™;-.;;;:; 

ui.sse 

IM,13B 

iiilue 

l.SS3:060 

MO.  120 
393,7G1 

478;  103 
45.365 

^v:::- 

;S:fJS 

^11 

4,» 

248,073 

Si! 

^■f^'jJS 

fc:;::::; 

.^;™' . 

."'^*'" 

'■fio?:?/-, 

x"i1 
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!  OF  THE  UNITED  ffTATES- 


Bta(«  Htd  TwrilorLw. 

1790. 

isoa 

ISflO 

188a 

una 

itsa 

717.610 

S80I200 

i.gmIsis 

11.6M 

332.28S 
1,SI2,IMUI 

'■'Si 

i.usioao 

■Si 

'  00,706 

343M 
1,8M.1M 

518,10 

776381 

nsa 

Pcrulu  on  puUic  sb'ipa 
United  8UUB  or  nU- 

ToUlUniledSUl*. 

3.920.214 

6..'W8,483 

31,443.321 

60.155.783 

82.a22.2M 

75.eS3Jll 

.11 

•iDCluda  e,3>4  IK 


tlnsluded  in  tlw  popuUtion  of  tha  nvanl  SUiM 


If™ 


ClMul 


The  figures  of  the  Bureau  of  Statis- 
tics vary  somewhat  from  (hose  of  the 
Census,  snil  their  table  given  fsrlhor 
on  is  later  tbau  the  Census  figures, 
Tbe  census,  of  the  Pbilipiime  Islondn 
taken  1904,  gives  the  population  as  7.- 
035,426,  of  which  047,740  are  classi- 


fied aa  wild  and  uncivilised.  Luud 
contains  3.7»8,n07  persons;  PsMj 
has  743.040  people ;  Mindanao  ii 
fourth  with  49S.B&i  inhabitiDti: 
.lolo  follows  with  44.T1S  people,  </l 
whom  only  1,270  are  civillied.  Tbe 
population  of  Manila  is  219,028. 


OFFICIAL   CENSUS   OF   THE   UNITED   STATES.   BY   COUNTIES, 


ALABAMA. 
ABE*.  60.722  »• 
.     17.915|ConMUh 17.5141  Jsckwi 

,    IS.IMICdom '•  - 

35.152  CxTilwton. 

.     I8.4UH  (.'reiwlmw , 

.    23,110  Cullnian 17,S49|I.Bwr 


CfJhoao 34.874  llekalb  . 

fJhaiAee. '.'.''.  2110011  kJ^^Ie 

Chilton lfl.522  ICtowah. 

(lH*ln« 18.13(11  Koyelte. 

(.iHrke 27.790  Franklin 

nay. l7JW0.fJenevii, 

nrburiw 13.20(1  (irerne. . 

Cflee 20,972. HbIb.  ., 

Colbert 22.341  Henry  . . 


.    2e.000'MiKOD.  .  .. 
.     ll.32U.Madi>r>n  .  . 

.    27,3fii:MarenKa  .. 


-0  Piekeni. 24,4(0 

ia.0S4  Pike.  ... sg.lTl 

.  20.669  Hudolpli 21,M7 

.  2D.  124  KuiMll 27.IM1 

.  31.826  St.  asJr «>'« 

.  22.387  Shslby 

.  36.e61  Sumler 

.  23.126  Talla.lqpi  ... 

.  43,702  T&lUpoon    . 

.  38,315  TiuealooM  .. 

.  14.494  Wulkpr  .... 

.  23.289  Wuhinctan  . 

,  62,740  Wilcoi  ..... 

.  23.666  Wiuslan  . . , . 

.  72.047 


32.710 

3S.Tn 
29.676 


4.64G   diuReBerv'n. 
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ARKANSAS. 

62,168  ■9DAU  triLia. 

rgs.: 

a&,™-,: 

iil  Bri-"': 

•IS 

Sir'"" 

ToUl.  . 

CALIFORNIA. 

Alunedo.  .  . 

.130,107' Lake 

P|UD>» 

Hhid* 

:    lafMB'M^Xo. 

COLORADO. 

scir.- 

,  153.0171  Elbert...      . 

sx- 

&.'■*:■ 

34.  Mf 

T"1K|    . 

CtlNNEXTICTT. 

4.674    8QL*RK    MILEB. 

IH-.LAWAl(i;. 
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DISTRICT  OF  COLUMBIA. 


t^iuiibia  . 

-«>n 

.     16.887 

£3.'. 


13  T«ylor.     '. 
e  VnliuiB  . . 


^^T 


u™w. 


GEORGIA. 

S8.000    HIITABE    Ktl 

21.112  Joboaciii  , 


«  Schley S,»> 


inipkln 7.433 


Btew»Tt. . 
Bumtw. . . 
T>ll»l. .  . 


.    17.«» 
.     15,gM 

.     12.1(7 


.  117,3e3|Ui 
'.     10.198  M 

.      4,510lll< 


SGUiKOck 4,510llloiinie.. 

iglGlynn M.3I7' Mont  Ron 

0  tinnliHi M,11»|MnrKBn. 


rrTMiMii 2a.4i> 


13.224 

laoso 

23.330 
5.310 


TaSS:: 


ta  Vp-on. 


!  "SeM.i 


ia6n2  IVilk.... 
22.fl4l,Pu]ai<ki.. 
13,&4a  PlItTUUii 

24,039  Quitman, 
l.-i.^n.  Rubun.  , 


a  Wuhii«ton. . . 

-  WavM. 

..  W«b>ter. 

II  White 
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s,ai7 


32,780 


19.824 


lirdin. 


ILUNOrS. 
t,  65,406  WVAU  uiLtt. 

18.360  LIvlniston 42.036 

10,976  Loon 

*fimi  HeDotkoiiBb. 

la  MoHoniy 2B.760 

2  HcLma 67.843 

«  Huon 44,003 


15,830 


.     10.830 

40,040 

.    38,014 


20.160 


.17,154 


J  Header- 

jMper."* 

.    JeffeiMo 

1.838,736  Jeiwy.. 
19,240iJi>DkVK 
1 6. 1Z4.  Johnson 
3!.758,K»ne... 

18.672.  Kanluku. _. 

19.097  I  KsniUII 11.467 

28.106'Knox 43.612 .  ....._ 

28.273 1  UJw.  , 34,604  Pike 31,606 

10.34.'S  Lwlle 87.776;t>Dpr 13.68S 

20.466 1  Lkwrencc 1 6.623 1  PuIiKlti 14.664 

28.065  In 29.8041  Putnun 4,746 


.  64,004 
.  30,440 
.     10.870 


Harccr. 

Uonme. 

Madtxomcry. . 


13.847 


16.224 


Saliilrler-  . 

SooU 

abdby.  . 


wEf™ 


wSSiX: 


.  34.710 

.  74.761 

.  27.7«« 

.  47.846 

.  Z132I 


Cw. 34,646 


INDIANA. 

AREA,    33.809  HtUAHK 

lin 16.388  Ijiwni 


Kamcock. . .  . .     ig,1S9,Mi>Drw. ZaS73  Stmiben. . 

21,702  MontKomen-       20.388  Sullivmn.  . 
«an !0,457l8»-'- — '- 


HwHlrirkr. 


DMSlur 10..'>IH 


Huntinslnn 


49,624  Johiwiii. 


iiLscrBiiK 
i  LrSii'.  . 


26,818 
.  22.013 
.     13.757 


4.724  Union. ,'.'..'. 
.    16.8H  VaodMiburt. . 

rifie.'.'.'.'. '.'.'.    23,00o|v3o!.'°"!:" 


.    38.U* 
.    1«.IIB 


.,  22.3M 

.  ID-tM 

.  3«,«0 

,  2J,t« 

.  i9.ia 

.  17JW 
2,6!8.4K 


KIWA. 
18.669'  Dnl 


20.072  Dri.  Moiim 


36.BS9 
7,005 
66.403 


KSI2 
12,667 

air 
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IOWA— CmUinued. 


Jadkaon. 

Jaaper.  . . 

Jeffenon. 

Johnson. 

Jones. .  . 

Keokuk. 

Koavuth. 


IJnn 

Louim. .  . 
Lucas.  .  . . 
loron  ... 
Madison.  . 

Total. 


23,615 
20»976 
17.437 
24.817 
21.054 
24.979 
22.720 
39.719 
55.392 
13.516 
16.126 
13.165 
17.710 


Mahaska. . . 

Marion 

Marshall 

Mills. 

Mitchell 

Monona 

Monroe 

Montgomery . 
Muscatine. .  . 

O'Brien 

Osceola. ... 

Page 

Palo  Alto 


34.273 
24.159 
29.991 
16.764 
14,916 
17.980 
17,985 
17.803 
28.242 
16.085 
8.725 
24.187 
14.354 


Plymouth. . .  .  22.209 

Pocahontas. . .  15,339 

Polk 82.624 

Pottawattamie  54.336 

Poweshiek ....  19.414 

Ringgold 15.325 

Sac 17,639 

Scott 51.558 

Shelby 17.932 

Sioux 23,337 

Story 23.159 

Tama 24.585 

Taylor 18,784 


Union 19.928 

Van  Bur^n 17.354 

Wapello 35,426 

Warren 20.376 

Washington...  20.718 

Wayne 17.491 

Webster 31.757 

Winnebago.  .  .  12.725 

Winneshiek.  .  23.731 

Woodbury 54.610 

Worth 10,887 

Wright 18.227 


2.231.853 


Allen 

Ander!4on.  .  . 
AtchiKon.  .  . 

Barber 

Barton 

Bourbon.  .  .  . 

Brown 

Butler 

Chase 

Chautauqua. 
Cherokee.  .  . 
Cheyenne.  . . 

Qark 

Clay 

Qoud 

Coflfey 

Comanche.  . 

Cowley 

Crawford . .  . 
Decatur .... 
Dickinson.  . 
Doniphan.  .  . 
Douglas .... 
Edwards.  .  . 

Elk 

Ellis 

Ellsworth. .  . 


19.507 
13.938 
28.606 

6.594 
13,784 
24.712 
22.369 
23.363 

8.246 
11.804 
42,694 

2.640 

1,701 
15.833 
18.071 
16.643 

1.619 
30.156 
38.809 

9.234 
21,816 
15.079 
25.096 

3.682 
11,443 

8.626 

9.626 


AREA. 

Finney 

Ford 

Franklin 

Geary 

Gove 

Graham 

Grant 

Gray 

Greeley. .  .  :  .  . 
Greenwood. .  . 

Hamilton 

Harper 

Hu^ey 

Haskell 

Hodgeman. .  .  . 

Jackson 

Jefferson 

Jewell 

Johnson 

Ke«my 

Kingman 

Kiowa 

Labette 

Lane 

Leavenworth. . 

Lincoln 

Linn 


KANSAS. 

78.418   SQUARE    MILRS. 


3.469 

5.497 
21.354 
10.744 

2,441 

5,173 
422 

1,264 

493 

16.196 

1.426 

10.310 

17.591 

457 

2,032 
17,171 
17,533 
19.420 
18.104 

1,107 
10.663 

2.365 
27.387 

1.563 
40.940 

9.886 
16.689 


Logan 

Lvon 

MePhersK)n.  .  . 

Marion 

Marshall 

Meade 

Miami 

Mitchell 

Montgomery.  . 

Morrii* 

Morton 

Nemaha 

Neosho 

Ness 

Norton 

Osage 

Osborne 

Ottawa 

Pawnee 

Phillips 

Pottawatomie 

Pratt 

Rawlins 

Reno 

Republic 

Rice 

Riley 


1.962 
25.074 
21.421 
20,676 
24,355 

1.581 
21,641 
14.647 
29.030 
11.967 
304 
20,376 
10,254 

4,635 
11.325 
23.650 
11.844 
11.182 

5.084 
14,442 
18,470 

7,085 

5.241 
20.027 
18.248 
14.745 
13.828 


Rooks 7.060 

Rush 6.134 

Russell 8.480 

Saline 17.076 

Scott 1  /)08 

Sedgwick 44,037 

Seward 822 

Shawnee 53.727 

Sheridan 3.810 

Sherman 3.341 

Smith 16.384 

Stafford 0,820 

Stanton 327 

Stevens 620 

Sumner 25,631 

Thomas 4,112 

Trego 2,722 

Wabaunsee.  .  .  12.813 

Wallace 1.178 

Washington. .  .  21.063 

Wichita 1.107 

Wilson 15,621 

Woodson 10,022 

Wyandotte.  .  .  73,227 


Total 1.470.405 


Adair 14.888 

Allen 14.657 

Anderson 10.051 

Ballard 10.761 

Barren 23.107 

Bath 14,734 

Bell 15,701 

Boone 11,170 

Bourbon 18.060 

Boyd. 18.834 

Boyle 13,817 

Bracken 12.137 

greathitt 14,322 

reckinridge.  .  20.534 

BuUitt 0.602 

Butler 15,896 

Caldwell 14.510 

CUloway 17,633 

Campbell 54.223 

Carlisle 10.195 

CkrroU 9.825 

Carter 20,228 


AREA, 

Casey 

Christian 

Qark 

Qay 

Clinton 

Crittenden. .  . . 
Cumberland. . 

Daviess 

Edmonson.  .  . . 

Elliott 

Estill 

Fayette 

Fleming 

Floyd 

Franklin 

Fulton 

Gallatin   . . 

Garrard 

Grant 

Graves 

Grayson 

Green 


KENTUCKY. 

37,680   SQUARE    MILKS. 


15.144 
37.062 
16.604 
15,364 

7.871 
15,101 

8.062 
38.667 
10.080 
10.387 
11.609 
42.071 
17.074 
15,5.52 
20.852 
11.546; 

5.1631 
12.042 
13,239 
33.204 
19.878 
12,255. 


Greenup.  . . 
Hancock.  . 
Hardin.  .  . 
Harlan.  .  .  . 
Harrison.  . 

Hart 

Hender.<K>n. 
Henry.  .  .  . 
Hickinan. 
Hopkin.s.  . 
Jark.son    . 
Jefferson.  . 
Jessamine. 
Johnson.  .  . 
Kenton.  ,  . 

Knott 

Knox.  .    .  . 

Larue 

Laurel.  .  .  . 
Lawrence. 

I>ee 

Leslie 


1 5,432 1  Letcher 0.172 

8,014  Lewi.«j 17,868 

22,037,  Lincoln 17.050 

0.8381  Livingston 11,354 

18.570  Logan 25.004 

18.300|  Lyon 0,310 

32.9071  McCracken 28.733 

14.620  Mclean 12,448 

11.745,  Madison 25.607 

30.995'  Magoffin 12,006 

10.561   Marion 16.290 

232.549,  Marshall 13.692 

11.925  Martin 5.780 

13.730  Ma.son 20.446 

63.591  Meade 10.533 

8,704  i  Menifee 6,818 

17.372' Mercer 14,426 

10.764  Metcalf 9.978 

17.592|  Monroe 13,053 

19.612  Montgomery. .  12.034 

7.988  Morgan 12.792 

0.753!  MulHenberg,  .  ,  20,741 
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KENTUCKY— C«n/tnu«rf. 


Nelmn 16,587 

Nicholas 11.052 

Ohio 27,287 

Oldham 7,078 

Owen 17,553 

OwHley 6,874 

Pendleton. .  . .  14,947 

Perry 8,276 

ToUl 


Pike. 22,686 

PoweU 6,443 

Pulaski 31,293 

Robertson ....  4,900 

Rockcastle 12,416 

Rowan 8,277 

Russell 9.695 

Scott 18,076 


Shelby 18,840 

Simpson 11,624 

Spencer 7,406 

Taylor 11,075 

Todd 17,371 

Trim. 14.073 

Trimble. 7.272 

Union 21,326 


Warren. 29,970 

Waahinffton. . .  14,182 

Wayne 14.892 

Wdbster. 20.097 

Whitley 25,015 

Wolfe. 8.764 

Woodford. . .  .  13.134 


2,147,174 


LOUISIANA. 

AREA,    41,255  BQUABB  101X8. 


Acadia 

23.483 

Aseennion. . . . 

24,142 

Aiwumption.  . . 

21.620 

Avoyelles 

29,701 

Bienville 

17,588 

BosHJer.  ...... 

24.153 

Caddo 

44.499 

Calcasieu 

30.428 

Caldwell 

6.917 

(!^ameron 

3,952 

(.-atahoula.  .  .  . 

16.351 

Claiborne 

23.029 

Concordia.  .  .  , 

13.559 

I>e  Soto 

25.063 

East  Baton 

RouKe.  .  . 

31,153 

East  Carroll. .  . 
East  Feliciana. 

Franklin 

Grant 

Iberia 

1  berville 

Jackson 

Jefferson 

Lafayette.  . . . 
Lafourche.  .  . . 

Lincoln 

Livingston.  . .  . 

Madison 

MorehouHe.  .  . . 
Natchitoches.  . 
Orleans 


11.373 
20.443 

8.890 
12.902 
29,015 
27,006 

9.119 
15,321 
22.825 
28.882 
15.898 

8.100 

12,322 

16.634 

33.216 

287.104 


Ouachita. 

20,947 

St.  Tammany. 

13.335 

Plaquemines. . 

13,039 

Tangipahoa. . . 

17,625 

Pointe  Coupee. 

25,777 

Tensas. 

19.070 

Rapides 

39.578 

Terrebonne.  . . 

24.464 

Red  River 

11,548 

Union 

18,521 

Richland 

11,116  Vermilion. . .  . 

20.705 

Sabine 

15,421 

Vernon 

10.327 

St.  Bernard. . . 

5,031 

Washington.. . 

9,628 

St.  Charles 

9,072 

Webster 

15,125 

St.  Helena. . . . 

8,479 

West  Baton 

St.  James 

20,197 

Rouge.  .... 
WestQuToll. . 

10,285 

St.    John    the 

3.685 

Baptist 

12.330 

West  Feliciana 

15,994 

St.  Landry  . . . 

52,906 

Winn. 

9.648 

St.  Martin.  . . . 

18.940 

St.  Mary 

34,145 

Total 1,381,625 


Androftcojcgin  .  54.242 
Anxwtook.  .  .  .  fK),744 
Cumberland.  .  .100.089 
Franklin 18.444 


MAINE. 

AREA,    31,766   SQUARE    MILES. 


Hancock 37,241 

Kennebec.  ...  59.1 17 

Knox 30.406 

Lincoln 19,669 


Oxford 32,238 

Penobscot.  . . .  76,246 

Piscataquis.  . .  16.949 

Sagadahoc. . . .  20,330 


Total 


SomerMt.  ....  33.849 

Waldo 24.185 

Washington...  45,232 

York 64,885 

694,466 


MARYLAND. 

AREA,    11,124   SQUARE    MILES. 


AllcKany 53.0941  Carroll 33,800 

Anne  Arundel .     40,018;  (Veil 24,662 

Haltimore.  .  .  .     IK).?.').')!  Charles 18,310 

Baltimore  Citv  .')0H.9.')7  Dorchc-ter 27.962 

Calvert 10,22.S,  l>e<lerick 51.920 

Caroline 10,248|  Carrett 17,701 

Total 


Harford 28,269 

Howard 16,716 

Kent 18,786 

Montgomery. .  30,451 

Prince  George.  29.898 

Queen  Anne  . .  18,364 


St.  Mary 18.136 

Somerset. 25.923 

Talbot 20,342 

Washington...  45.133 

Wicomico. . .  .  22.852 

Worcester. .  . .  20.865 


MASSACHUSETTS. 

AREA,    7,800    SQUARE    MILES. 


liariistahle. 
Re rk shire  . 
Bristol  ..  .  . 
Duke- 

Total. 


27.826 

9.5.t)f)7 

2.')2.029 

4,5(31 


Ebhcx 357.0.30 

Franklin 41.209 

Haniixlcn  ....  175,603 

Hampshire  .  .  .    58,820 


Middlesex.  .  .  .  565.696 

Nantueket 3,006 

Norfolk 151.539 

Plymouth. .  . .  113,985 


Suffolk. . . . . 
Woroester. . 


611.417 
346,958 


.2,805,346 


.Alcona. 
Aker.  .  . 
Alle^'in. 
Al|>ena. 
Antrim. 
Arenac. 
Haratr.'i. 
Barry.  . 


MKTIKJAN. 
Ai{F..\,  50,243  »gi'Ai{R  MiLt:s. 

5.091  Hay (>2,.S7S  !Chi|.i>ewa 

5.SI>S|  Henzie 9.0)85   Clare 

.38.812;  Herrien 49.105  Clinton 

18.254.  Branch 27.81 1    ( Yawford 

10..-)08!  Calhoun 49..315  .  Delta 

9.821   Cass 20.870  I  Dickinson.  .  . 

4. .320  Charlevoix 1.3.9.'>0   Katon 

22,5141  Cheboynan.  .  .  15.510  I  Kminet 


21,338 
8,360 
2.5.136 
2,943 
2.3,881 
17.890 
.31.008 
15.931 


41,804 

Gladwin 6.564 

Gogebic 16.738 

Grand  Traverse  20.479 

Gratiot 29.889 

Hillsdale 29.865 

Houghton.  .  . .  66.063 

Huron 34.162 
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M1CHIGAN-C«Khii«I. 

UoDtalm.  . . 

IIST 

gS3^-.::; 

2,410.WI 

UtNNESOTA. 

AUA. 

9S,i74  BQUAU  Hiua. 

II<HTi».n.  . .  . 

ffibler.  ■ .  ■ . 

17,842 

2023! 

IfSIt 

S;^;.:; 

■»s 

.     14,260:  L>^>D 

Fi!^"iV  *  ■ 

8.06( 

TotaL  . 

I.781.3W 

Mil  C 


Bolivar. . . 


Chickaiaw. 


,  14.g»T  IluiEuck. . 

,  20.7081  HBTTim.n. . 

.  2tt,-,i48!Hind4.... 

.  lU,5l0;Hc>LniCH... 

.  36.427lls<squ«nm. 

.  10,512  IuwuidIw. 

.  22.116  Jackmn 

,  I9.a92|j»y*r....     .. 

_ 13,030  Jeflprwon. .  .     . 

(Inibome. 20,787. J i>ik!>. 

n«rlM. 17,741  i  KemiHsr 

U>y. 19.S03  Lafayrltc...    , 

LkntMuna Z6.293:I^u<for.llile. .  . 


577  Jl»n>ha11 27,674 


13..'>44i  Neshiiba '.  .    12!72e 


16,DM 

TkltahUflhw . .    IB,eaO 

T*M 20,eiR 

TipMh 11,S83 

Tigbnniiico.  .  .     10,124 

TuDiak 16,479 

Uaton 10.521 

y/mntu 40,913 

Wuhitwton...    40,116 

Wayne. 12.5N 

W^b^ 1S,S1<I 

Wilkinoa 21.45S 

14.124 
ig.741 
4S,MS 

Total. 1,551.770 


.    34,395  I,_    

.     13.070  I.«alie. . 


12,178 
IS,WO 
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MISSOURI. 

ABSA,  67,380  BQITABB  lOLBS. 


21,728 

r. 17,832 

ID.  •  •  . .  16,501 

D. 21.160 

25,532 

18,253 

30,141 

u 16.556 

er. 14.650 

28.642 

imn. .  . .  121.838 

16.769 

U. 16.656 

ky. 25.984 

Q 13,113 

rirardeau  24.315 

26.455 

6.706 

23.636 

16,923 

>ii .  .  26,826 

m.  . . . .  16.939 

15,383 

18.903 

^ 17,363 

20,678 

22.532 

rd 12.959 

18,125 

taL 


Ddka. 13,903 

Daviess 21,325 

Dekalb 14,418 

Dent 12,986 

Dou|^ 16,802 

Dunklin 21,706 

Franklin 30.581 

Gasconade....  12.298 

Gentry 20,554 

Greene 52.713 

Grundy 17,832 

Harrison. ....  24,398 

Henry 28,054 

Hickory. 9.985 

Holt 17.083 

Howard 18.337 

HoweU 21.834 

Iron 8.716 

Jackson 195.193 

Jasper. 84,018 

Jefferson. ....  25,712 

Johnson 27.843 

Knox 13,479 

Laclede 16.523 

Lafayette 31.679 

Lawrence 31.662 

Lewis 16.724 

Lincoln 18.352 

Linn 25.503 


Livingston. . , 
McDonald.  . , 

Macon , 

Madison. . . . , 

Maries 

Marion , 

Mercer 

MiUer 

Mississippi. . 
Moniteau. . . 

Monroe 

Montgomery . 

Morgan 

New  Madrid  . 

Newton 

Nodaway. .  . . 

Oregon 

Osage 

Oiark 

Pemiscot.  . . . 

Perry 

Pettis. 

Phelps. 

Pike 

Platte 

Polk 

Pulaski 

Putnam 

Ralls 


22,302 
13,574 
33.018 
9.975 
9.616 
26.331 
14.706 
15,187 
11.837 
15.931 
19.716 
16,571 
12,175 
11.280 
27,001 
32.938 
13,906 
14,096 
12,145 
12,115 
15,134 
32,438 
14.194 
26,744 
16.193 
23.255 
10.394 
16,688 
12,287 


Randolph .... 

Ray. 

Reynolds 

Ripley 

St.  Charles 

St.aair 

Ste.Genevieve 
St.  Francois. . . 
St.  Louis. .... 
St.  Louis  CSty. 

Saline 

Schuyler. .... 

Scotland 

Scott 

Shannon 

Shelby 

Stoddard 

Stone 

Sullivan. ..... 

Taney 

Texas 

Vernon 

Wwren 

Washington. . . 

Wayne 

Webster 

Worth 

Wright 


24,442 
24,805 

8.161 
13,186 
24,474 
17.907 
10,359 
24,051 
50,040 
575,238 
33.703 
10,840 
13.232 
13.092 
11.247 
16,167 
24.669 

9.892 
20.282 
10,127 
22,192 
31.619 

9.919 
14,263 
15.309 
16,640 

9,832 
17,519 


.3,106.665 


head. . 
rater. . 


II. 


I.  . 
tal 


8,615 
2,641 
7.533 
25.777 
10,966 
7,891 
2,443 


MONTANA. 

ABEA,    143,776  SQUARE   MILKS. 

Deerlodge. . .  .    17.393  Madison 7,695 

Fergus. 6.937  Meagher 2.526 

Flathead 9,375  Missoula 13,964 

Gallatin 9.553  Park 7.341 

Ravalli 7,822 


Granite 4,328 

Jefferson. ....      5,330 


Lewis  andGlarkel9, 171  Sweet  Grass. 


Silverbow 47,635 


3,086 


Teton. 5,080 

Valley 4.355 

Yellowstone. .       6,212 
Crow  Indian  Res- 
ervation. . . .      2.660 


.243.339 


NEBRASKA. 

AREA,   75.995  SQUARE  MILES. 


18,840 

M 11.344 

1,114 

603 

11,689 

;te. ....  5,572 

7.332 

3,470 

20,2ro4 

13.040 

15.703 

21.330 

12.467 

2,559 

6.541 

ne.....  5,570 

15,735 

11.211 

I. 14.584 

19.758 

6.286 

6,215 

i. 12,214 


Deuel 

Dixon , 

Dodge. . . .  , 
Douglas. . . , 
Dundy . . . .  , 
Fillmore .  . , 
Franklin. . . 
Frontier. . . , 
Furnas. ... 

Gage 

Garfield.  . . 

Gosper 

Grant 

Greeley. . . . 

Hall 

Hamilton. . 
Harian. . . . . 


n  ayes 

Hitchcock. 

Holt 

Hooker. . . . 
Howard . . . 
.Tefferson.  . 


2.630 

10.535 

22.298 

140,590 

2,434 
15,087 

9,455 

8.781 
12,373 
30.051 

2,127 

5,301 
763 

5.601 
17,20« 
13.330 

9,370 : 

2.708! 

4.409, 

12,2241 

4.32 

10.343 

15,196! 


Johnson.  .  . 
Kearney. . . 

Keith 

Keyapaha. 
Kimball. . . 

Knox 

Lancaster.  . 
Lincoln. .  . 

Lugan 

Loup 

McPher!H>n 
Moiii.sun.  .  . 
Merrick.  .  . 
Nance. .  .  . 
Nemaha.  .  . 
Nuckoll.s.  .  , 

Otoe 

Pawnee. . . 
Perkins.  . . 
Phelp.s.  .  .  . 

Pierce 

Platte 

Polk 


11.197 

9.866 

1.951 

3.076 

758 

14.343 

64,835 

11,416 

960 

1.305 

517 

16,970 

9.255 

8,222 

14,952 

12.414 

22,288 

11.770 

1.702 

10.772 

8.445 

17,747 

10,542 


RedwiUow. . . 
Richardson.  . 

Rock 

Saline 

Sarpy 

Saunders.  .  . . 
Scottn  Bluff.  . 

Seward 

Sheridan.  . .  . 
Sherman. . .  . 

Sioux 

Stantun 

Thayer 

Thomas 

Thurston .... 

Valley 

Washington. . 

Wayne 

Webster 

Wheeler 

York 


9.604 

19.614 
2.809 

18.252 
9.080 

22.085 
2,552 

15.690 
6,033 
6,550 
2.055 
6,959 

14.325 

628 

8,756 

7,339 

13.086 
9.862 

11,619 
1.362 

18,205 


ital A,<5ft«KT«^ 
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1,534  Humboldt. . . .      4.463  N>e 

6.688  !.uder 1.S34  Omuby-  - 

1,9721  lioealD 3.2Ml8tiiny-  ■  ■ 


1.140  Wliitfl  Pin. . 


ItEW  HAHFSHIBE. 
AUA,  6.S90  aQOAMi  muB. 

.    IS.B26|0>» 29.4681  Harrimuk  .. .  62,430 1  BulUvao  . 

.    lH3MGnfton 40.844  Roekincham . .  91,118 

.    31.321  HiUobaro 1 12,640  Strafford.  ... .  30,337 


Bnrnii. 
Hurlirml 


2  EwBi 35e.0S3  H 

1  GluucBiMr  .  . .    31,90fi  U 
1  Hudson 386A48  O 

3  HuotcrdoD...    34,507  Pi 

1  Memer 95.369  Si 

3  MidtUasra. .  . .    70.762  Bi 


.    10.747  f 
.  156.202 
.    26.530 
.    32,M8l 


NEW  MEXICO. 
L,  121,201  BacAKB  mhc 
..    12.S83t  Rio  Arriba.  . 

5.429  Sail  Juui.  .  .. 

4,eS3  San  Migudl  .. 
. .    10,304  SantaFe..  .. 

4,701  Sierra 


NEW  YORK. 

.       ARE. 

47.800  aoOAAS  uilb 

.    lf.fl,r.7l|  Fulton 

Senan 

sssesu- 

fi;;i- 

ISL'.HUO  Schuyler 

SSt! 

■I  CAROLINA. 


K.I.  50.704  sijUAKi 
. ..  17.(H«l'nav. 
. .  .  2a,45«  tlei-nl 
. ..  15.fHH  l\>lmii 
. .  .      5.474  Vm\-« 


S  Ediaoombf 
4  Forayth,  .  . 
D  Fruklin  . . 


SGIBNTIFIC   AMERICAN   REFBRENCE    BOOK. 


151 


S$fm€r§€4§ 


Ri9  drandm 


J  0m.  smmtk 


•MHirmfss9  ':9>!?-^A  ^ms^ee 


tHississt'ppi 


mmittt^m 


Cclora-de 


fMi*»9uri-^9urf  M  _ 


m**.a»m 


La  Plai» 


Columhi€$ 

^.tmrntm  M^ 


Al««M    0»0»»Ar 


^.   Si.Lawrenee 


LeMBTM  t3»0  it' 


S0S  m. 
>s^^  Jth0m€wm$r,000 


*» 


**0 1*.     ^^^r 


Loire 

^*X0O0 


iTT^  >s:^Sif. 


t»»rm 

vc»  m. 


»0r  M 


000 


1^71.000 

Rhine 

w^n.000 

Una 

^B^9'r.000 

Feiehora 


^tm»rm   9f0f>, 


•^~~>.— x        /»/.  000 


Den. 


«««•'>  ////  « 


,/^-    If^ep^i- 

Z0O.00O 

wmasasm 


k.€m*rm 


AMAt.    4. 


ttMrnrtt 


E94fihr0de» 


000 


Indus 


#«<• 


*.mm9Tm    i$tS  H. 


noattff  f& 


Km M Arm    AS $9  M. 


^^tn^t^e-fCianff 


*.tf0r»  JI9f 


t—KKA 


Jlfnoor 


mamyK  Mm 


^s»e^ 


Lena 


tflfU 


Limpopo 

O^AmtA  tSS.000 


tMMttrt/  0*0 


Set%egat 


1 70.000 


Oranae 


Lttftm 
4trt  M. 


3  7/.OOe  S9.m. 


t.0M9rm 


Zamiezi 


Ukiffev 

LtMOTM  £»O0  >*  om.AmcA 


m 

m 

2/e  n  is  c  i      ^murt  ^iLt 


eAile 


J?anuie 

»».  »0€A  j/tL000       ^  —  >••• 

faBBBBBaaam      ^"•a-'  *<•«> 

Kg 00*-   *ft0  M 

'V'el^te. 

00AnM0tAmrA 
Atfrm  Ma90trHt0 


/•Ar*tm~ amfmr f  \ 


«  SMltt-      ,1   /  *  O    f 


ctMtTH  i,r rt  M>,.ts 


RIVERS  OF  THE  WORLD. 


SCIENTIFIC   AHBRICAN   REFERENCE   BOOK. 


Lincoln 1 

IfeDDSfllt 1 

Hacon 12.104 

Total 


KORTH  CAROLINA— Con/i'iUMrf. 


Mecklenbmx .     55,268 


Norlham'ptnn .    21.150 


NORTH  DAKOTA. 


Cavalier. ....     12.fi80 

Dickey 6,001 

Kddy. 3,330 


Grand  For] 

arin* 

Kidder. .  , 


KB 


8,OI9!WeUa..  .. 
17.387; Williams.  . 
7.095  Stand  itia  H 


bX'! 


.    20.32S|FBirfielil.  . 


.  no,M75  tl 

.  2M.2;i7U  . 

:  16.811  Hl.. 

.  26,043  Hard.i 


..   3i,eioil 

.,    fl«..500!H 
.  .    2S.337|  N 
.  .    33.91511  _. 
.  43S.I20  Jdc. 
.  .    42.632.  Jefler) 
2U.387,  Kn.ii. 


uSi^i^i.'. 


Logan 30.420 


ikinfcum.  ..    S3,I8S 


Wyan^'oi 


34.311 

4atei 

11, 103 
.  34.625 
.  <M,747 
.  71.71S 
.  46.591 
.    53,751 


3.0S1  Garfipl.l.  .    . 

:  !!t^lun,^»i>e;:: 
^iJg,K-.v.-. 

OKLAHOMA. 

'.    27.007  Itoge^'Hiii" 
.    26.538  W«.hrt6.  .  . 

.  .     14,01S;  Wooda. 

::  !iS!£3!i" 

..    20,909;      vatio 

■■3 

JlttLne.  .  ,  . 
Vvelai,.!.. 

&^ 
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Baker 15.507 

Benton 6,706 

dackamas 19.658 

Clataop 12,765 

Colnmbia 6.237 

Coo0 10,324 

Crook 3,964 

Curry 1,868 

Dou^aA 14,565 

Total 


▲RBA, 

Gilliam 

Grant 

Harney 

Jackson 

Josephine 

Klamath 

Lake 

LAne 

Lincoln 


OREGON. 

102,606  SQUARE  1CILE8. 


3.201 
5.948 
2.598 

13.698 
7,517 
3.970 
2,847 

19.604 
3,576 


Linn 18,603 

Malheur 4,203 

Marion 27.713 

Morrow 4,151 

Multomah.  . .  .  103,167 

Polk 9,923 

Sherman 3,477 

Tillamook. .  . .  4.471 

UmatiUa 18,049 


Union 16,070 

Wallowa 5,538 

Wasco 13,199 

Washington. .  .  14,467 

Wheeler 2,443 

Yamhill 13.420 


.413,536 


PENNSYLVANIA. 


Adams 34,496 

Allegheny 775.058 

Armstrong.  . .  .    52,551 

Beaver 56,432 

Bedford 39.468 

Berks 159,615 

Blair 85,099 

Bradford 59.403 

Bucks. 71,190 

Butler 56,962 

Cambria 104,837 

Cameron 7,048 

Cart>on 44.510 

Center 42.894 

Chester 95,695 

Oarion 34.283 

aearfield 80,614 

Total 


AREA. 

Clinton 

Columbia 

Crawford 

Cumberland  . . 

Dauphin 

Delaware 

Elk 

Erie 

Fayette 

Forest 

Franklin 

Fulton 

Greene 

Huntingdon  .  . 

Indiana 

Jefferson 

Juniata 


46,000   SQUARE    MILES. 


29.197 
39.896 
63.343 
50.344 

114.443 
94,762 
32.903 
98.473 

110.412 
11.039 
54.902 
9.924 
28.281 
34,650 
42,556 
59.113 
16,054 


Lackawanna . 
Lancaster.  . . . 
Lawrence.  . . . 
Lebanon.  .  .  . 

Lehigh 

Luserne 

Lycoming.  .  . 

McKean 

Mercer 

Mifflin 

Monroe 

Montgomery . 

Montour 

Northampton. 
Northumber- 
land  

Perry 


193.831 

159  241 
57,042 
63,827 
93,893 

257.121 
75.663 
51.343 
67.387 
23.160 
21.161 

138.995 
15.626 
99,687 

90.911 
26.263 


Philadelphia.  1 

Pike 

Potter 

Schuylkill.  . .  . 

Snyder 

Somerset 

Sullivan 

Susquehanna. . 

Tioga 

Union 

Venango 

Warren 

Washington. .  . 

Wayne 

Westmoreland. 

Wyoming 

York 


,293.697 

8,766 

30,621 

172,927 
17.304 
49.461 
12,134 
40,043 
49,086 
17,592 
49,648 
38,946 
92,181 
30,171 

160,175 
17,152 

116.413 


.6,302.115 


RHODE  ISLAND. 

AREA,    1,306   SQUARE    MILKS. 


Bristol.  . . 

Kent 

Total 


13.144 
29,976 


Newport 32,599 


Providence  .  .  .  328,683 


Washington...    24,154 
428,656 


Abbeville.  . 

Aiken 

Anderson.  . 
Bamberg.  . 
Barnwell.  . 
Beaufort.  . 
Berkeley.  . 
Charleston. 
Cherokee.  . 
Chester. . . . 
Total. 


33,400 
39,032 
55,728 
17,296 
35,504 
35,495 
30,454 
88,006 
21,359 
28,616 


SOUTH  CAROLINA. 

AREA,    29,385   SQUARE    MILES. 

Chesterfield.  .  .  20,401  Greenwood.  .  . 

Clarendon.  .  .  .  28,184  Hampton.  . .  . 

Colleton 33.462  Horry 

Darlington 32,388  Kershaw.  .  .  . 

DorcheHter. .  .  .  16,294  Lancaster  .  .  . 

Edgefield 26,478  Laoren^ 

Fau^eld 29,426  Lexington.  . 

Florence 28.474  Marion 

Georgetown.  . .  22,846  Marlboro.  .  .  . 

Greenville.  .  . .  63.490  Newberry.  .  . 


28,343 1 

23,738 

23,364 

24.696 

24,311 

37,382 

27,264 

36.181 

27,639 

30,182 


Oconee 

Orangeburg.  . 

Pickens 

Richland.  .  . . 

Saluda 

Spartanburg. 

Sumter 

Union 

Williamsburg 
York 


1 


23.634 
69.663 
19.376 
46,589 
18.966 
66.660 
51.237 
25,501 
31.686 
41.684 

,340,316 


SOUTH  DAKOTA. 

AREA,    78,932   SQUARE    MILtlS. 


Aurora. 4,011 

Beadle 8,081 

Bonhomme.  .  .  10,379 

BrookingH.  .  .  .  12,561 

Brown 15.286 

Brule 5.401 

Buffalo 1,790 

Butte 2,907 

CampbeU 4.527 

Cbarles  Mix.  . .  8,498 

Clark 6.942 

Clay 9.316 

Coddington . . .  8,770 

Custer 2,728 

Total 


Davison. . . . 

Day 

Deuel 

Douglas .... 
Edmund?. . . 
Fall  River.  . 

Faulk 

Grant 

Gregory 

Hamlin. .  . . 

Hand 

Hanson. . .  . 
Hughes.  . . . 
Hutchinson. 


7,483 
12,254 
6.656 
6,012 
4.916 
3,641 
3,547 
9,103 
2.211 
5,945 
4,525 
4.947 
3,«84 
11,897 


Hyde 

Jerauhi. .  .  . 
KingMbury. 

Lake 

Lawrence.  . 
Lincoln. .  .  . 
Lyman.  .  . . 
McCook.  .  . 
McPherson 
Marshall. .  . 
Meade.  .  .  . 

Miner 

Minnehaha 
Moody.  .  .  . 


1,492|  Pennington. 

2.798  Potter 

9,866  Roberts. 
9.137 
17,897 


Sanborn 

Spink 

12.161  Stanley 

2,632  Sully 

8,689  Turner 

6,327 1  Union 

5.942!  Walworth.  .  .  . 

4,907 1  Yankton 

5.8641  Indian  Res«r- 
23.9261     ration 

8,326l 


5,610 
2,988 

12,216 
4,644 
9,487 
1.349 
1,715 

13,175 

11.153 
3.839 

12.649 

16,043 
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Newton. .  . 

NoUn 

Nueces. . . . 
Ochiltree.  . 
Oldham.  . . 
Orange. . . . 
Palo  Pinto. 
Panola. .  . . 
Parker.  . . . 
Parmer. ,  . . 

Pecos 

Polk 

Potter.  . . . 
Presidio.  . . 

Rains 

liandall.  . . 
Re<l  River. 
Reeves.  .  . . 
Refuffio.  .  . 


7.282 

3.611 

10,439 

267 

349 

6.905 

12.291 

21.404 

25.823 

34 

2.360 

14,447 

1.820 

3.673 

6,127 

963 

29.893 

1.847 

1,641 


TEXAS— Continued. 


Roberts 620 

Robertson 31.480 

Rockwall 8.531 

Runnels 5.379 

Rusk 26.099 

Sabine 6.394 

San  Au^^tine.  8.434 

San  Jacmto. . .  10.277 

San  Patricio.  .  2.372 

San  Saba 7.569 

Schleicher.  ...  515 

Scurry 4.151 

Shackelford. . .  2.468 

Shelby 20.452 

Sherman 104 

Smith 37,370 

Somervell. .  .  .  3.498 

Starr 11.469 

Stephens 6.466 


Sterling 1,127 

Stonewall 2,183 

Sutton 1,727 

Swisher 1.227 

Tarrant 52.376 

Taylor 10,499 

Terry 48 

Throckmorton  1,750 

Titus 12.292 

Tom  Green  .  . .  6.804 

TravU. 47,386 

Trinity 10.976 

Tyler 11,899 

l/pshur 16.266 

Upton 48 

Uvalde 4,647 

Valverde 5,263 

Van  Zandt 25,481 

Victoria 13,678 


Walker. 15.813 

Waller 14.246 

Want 1.451 

Waahincton. . .  32.981 

Webb 21351 

Wharton 16,942 

Wheeler. 636 

Wichita. 5.806 

Wilbarser. .  .  .  5.759 

WUIiamson.  .  .  38.072 

Wilson 13,961 

Winkler 60 

Wise. 27.116 

Wood 21,048 

Yoakum 26 

Younc 6.540 

Zapata. 4.760 

Zavalla. 792 


Total 3.O48.710 


Beaver.  .  . 
Boxelder.  , 
Cache.  .  .  . 
Carbon.  .  . 
Davis.  .  .  . 
Emery.  .  . 
Garfield.  . 

Total 


.3.613 
10.009 
18.139 
.5.004 
7,996 
4.657 
3.400 


UTAH. 

ARJCA,    84,476   SQUARE    MILES. 


Grand 1.149 

Iron 3,546 

Juab 10,082 

Kane 1,811 

MiUard 6.678 

Morgan 2.045 

Piute 1,954 


Rich 

Salt  Lake. 
San  Juan. 
Sanpete.  . 
Sevier.  . . . 
Summit.  . 
Tooele.  .  . 


1.946 
77.725 
1.023 
16.313 
8.451 
9.439 
7.361 


UinU 6,458 

Utah. 32.456 

Wasatch 4.736 

Washington. . .  4.612 

Wayne 1,907 

Weber 25,239 

276.749 


VERMONT. 

AREA,    10,212  SQUARE    MILES. 


Addison.  .  . 
Bennington. 
Caledonia. .  . 
Chittenden  . 

Total  . 


21,912  Essex 8.056 

21.705  Franklin 30.198 

24.381  (>rand  If<Ie 4.462 

39,600!  Lamoille 12.289 


Orange 

.     19.313 

Windham. . . . 

26,660 

Orleans 

.    22.024 

Windsor 

32,225 

Rutland 

.    44,209 

Washington.. 

.    36,607 

.343,641 


VIRGINIA. 

AREA,    38,352   SQUARE    MILES. 


Accomac.  .  .  . 
Albemarle.  .  . 
Alexandria .  . 
Alleghany.  .  . 

Amelia 

Amherst 

Appomattox. 

Augusta 

Bath 

Bedford 

Bland 

Botetourt  .  .  . 
Drun.Mwick.  . 
Buchanan.  .  . 
Buckingham . 
Campbell. .  . 
Caroline.  .  .  . . 

Carroll 

Charles  City 
Charlotte.  .  . 
Chesterfield.  . 

Clarke 

Craig 

Culpeper.  .  . 
Cumberland  . 


32,570 
34,920 
20,959 
16,330, 

9,037' 
17,864 

9,662 
39.659 

5.595 
30.356 

5,497 
17,161. 
18,217 

9.692 
15.266. 
42.147' 
16.709 
19.303! 

5,040! 
15,343' 
28.519! 

7,9271 

4,293; 
14.123 

8.996: 


Dickenson ....  7.747 

Dinwiddie.  .  .  .  15.374 

Elisabeth  City.  19.460 

F>«ex 9,701 

Fairfax 18,580 

Fauquier 23.374 

Floyd 15,388 

Fluvanna 9,050 

Franklin 25,953 

Frederick 18,400 

Giles 10.793 

Gloucester.  .  .  .  12.832 

Goochland.  ...  9.519 

Gray.Hon 16.853 

Greene 6,214 

(Jreenesville. .  .  9,758 

Halifax 37.197 

Hanover 17.618 

Henrico 115.112 

Henry 19.265 

Highland 5.647 

Isleof  Wight.  .  13.102 

James  City.  .  .  5,732 
King  and  Queen    9.265 

King  George   .  6.918 


King  William  8.380 

Lancaster.  .  .  .  8.940 

Lee 19,856 

Loudoun 21,948 

Louisa 16,517 

Limenburg  .  .  .  11,705 

Madison 10,216 

Mathews 8,239 

Mecklenburg.  .  26,551 

Middlesex.  .  .  .  8,220 

Mont gomer V .  .  1 9, 196 

Nansemond.  .  .  23,078 

Nelson 16,075 

New  Kent.  .  .  .  4.865 

Norfolk 114.831 

Northampton  .  13.770 
Northumberland  9.846 

Nottoway.  .  .  .  12,366 

Orange 12.571 

Page 13.794 

Patrick 15.403 

Pittsylvania  .  .  63.414 

Powhatan.  .  .  .  6,824 
Prince  ICdward    15,045 

Prince  George .  7,752 


Princess  Anne.  11,192 

Prince  William  11,112 

Pulaski 14,009 

Rappahannock  8.843 

Richmond ....  7,068 

Roanoke. ....  37,332 

Rockbridce...  24.187 

Rockincham . .  33.527 

Russell 18.031 

Soott 22.694 

Shenandoah. . .  20,253 

Smsrth 17.121 

Southampton  .  22.848 

Spottsylvania .  1 4,307 

Stafford 8.097 

Surry 8.469 

Sussex 12,082 

Tasewell 23.384 

Warren. 8.837 

Warwick 15.524 

Washington. . .  33J>74 

Westmoreland  9,243 

Wise 19,653 

Wythe. 20.437 

York. 7.482 


TotsJ. 1^64,184 
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Adams 4.840 

AMtin 3,366 

Chehalia 15,124 

CbeUn 3,031 

ClaUam 5.603 

Clarke 13.419 

Columbia ....  7.128 

Cowiits 7.877 

Douclas 4,926 

Total 


WASHINGTON. 

AREA,    69,994  SQUARE   MILES. 


Feny. 4,662 

Franklin 486 

Garfield 3.918 

Island 1,870 

Jefferson 5.712 

King 110.053 

Kitsap 6,767 

Kittitas. 9.704 

KUckitat 6.407 


Lewis 

15,157 

Snohomish  . .  . 

Lincoln 

11,969 

Spokane  

Mason 

3.810 

Stevens 

Okanogan.  . . . 

4.689 

Thurston 

Pacific 

5.983 

Wahkiakum  .  . 

Pierce 

55.515 

Wallawalla.  .  . 

San  Juan 

2.928 

Whatcom  .... 

Skagit 

14,272 

Whitman  .  . .  . 

Skamania  .... 

1.688 

Yakima 

23.950 
57.542 
10.543 
9.927 
2,819 
18.680 
24.116 
25,360 
13,462 

518,103 


WEST  VIRGINIA. 

ABEA,    23,000  SQUARE   MILfiS. 


Barbour 14,198 

Berkeley 19,469 

Boone 8,194 

Braxton 18,904 

Brooke 7,219 

Cabell 29.252 

Calhoun 10,266 

Qay 8.248 

Doddridge  .  .  .  13,689 

Fayette 31,987 

GUmer 11,762 

Grant 7,275 

Greenbrier  .  . .  20,683 

Hampshire. . .  11,806 


Hancock  . 
Hard^.  .  . 
Harrison.  , 
Jackson.  . 
Jefferson.  , 
Kanawha 
Lewis. . . . 
Lincoln . . 
Logan  . . . 
McDowell 
Marion  .  . 
Marshall  . 
Mason  . . . 
Mercer.  . . 


6.693 
8,449 
27.690 
22.987 
15.935 
54,696 
16.980 
15,434 
6.955 
18,747 
32,430 
26.444 
24,142 
23.023 


Mineral  . . .  . 

Mingo 

Monongalia. 
Monroe  . . . . 
Morgan  . . . . 
Nicholas  . . . 

Ohio 

Pendleton  . 
Pleasants  .  . 
Pocahontas . 
Preston.  .  .  , 
Putnam .  . .  , 
Raleigh.  .  .  , 
Randolph  . 


12.883 

11.359 

19,049 

13,130 

7,294 

11,403 

48.024 

9.167 

9,345 

8,572 

22,727 

17,330 

12.436 

17.670 


Ritchie 18,901 

Roane 19.852 

Summers 16,265 

Taylor 14,978 

Tucker 13,433 

Tyler 18.252 

Upshur 14,696 

Wayne 23.619 

Webster 8.862 

Wetiel 22.880 

Wirt 10.284 

Wood 34,452 

Wyoming 8,380 


Total 958,800 


WISCONSIN. 

AREA,    53,924   SQUARE   MILES. 


Adams 9,141 

Ashland 20.176 

Barron 23,677 

Bayfield 14,392 

Brown 46.359 

Buffalo 16.765 

Burnett 7,478 

Calumet 17.078 

Chippewa 33,037 

Qark 25.848 

Columbia  ....  31.121 

Crawford 17,286 

Dane 69.435 

Dodge 46,631 

Door 17,583 

Douglas 36,335 

Dunn 25,043 

EauOaire 31,692 


Florence  ... 
Fond  du  Lac. 

Forest 

Grant  

Green 

Green  Lake. 

Iowa 

Iron 

Jackson.  .  .  . 
Jefferson.  .  . 
Juneau  .... 
Kenosha  ... 
Kewaunee.  . 
La  Crosse  .  . 
Lafayette  .  . 
Langlade . .  . 
Lincoln  .... 
Manitowoc  . 


3,197 
47.589 

1.396 
38.881 
22,719 
15,797 
23,114 

6.616 
17,466 
34,789 
20.629 
21,707 
17.212 
42,997 
20,959 
12,553 
16,269 
42.261 


Marathon  . 
Marinette  . 
Marquette. 
Milwaukee 
Monroe  .  . . 
Oconto  .  .  . 
Oneida  .  .  . 
Outagamie 
Osaukee  . . 

Pepin 

Pierce  .... 

Polk 

Portage.  .  . 

Price 

Racine. .  . . 
Richland.  . 

Rock 

St.  Croix  . . 


43,256 
30.822 
10,509 
330,017 
28,103 
20.874 

8,875 
46.247 
16.363 

7,905 
23.943 
17,801 
29,483 

9,106 
45.644 
10.483 
51.203 
26,830 


Sauk 33,006 

Sawyer 3,593 

Shawano 27,475 

Sheboygan  . . .  50,345 

Taylor 11.262 

Trempealeau  .  23,114 

Vernon 28.351 

VUas 4,929 

Walworth.  .  . .  29,259 

Washburn 6.621 

Washington  .  .  23,589 

Waukesha 35,229 

Waupaca  ....  31,615 

Waushara.  . .  .  15,b72 

Winnebago.  .  .  58,225 

Wood 25.865 


Total 2,069,042 


Albany 13,084 

Bighorn 4,328 

CSrbon 9.589 

Converse 3,337 

Total 


WYOMING. 

AREA,    97,883    SQUARE    MILES. 


Crook 3,137 

Fremont 5.357 

Johnson 2,361 

Laramie 20.181 


Natrona  .... 

1,785 

Weston 3,203 

Sheridan.  .  . . 

5,122 

Yellowstone  Park  .  369 

Sweetwater.  . 

8.455 

Uinta     

.     12,223 

92,531 


HOW  THE  POPULATION  OF  THE  UNITED  STATES  ARE  SHELTERED. 


In  the  Census  year  1900  there  were 
14,430,145  dwellings,  accommodatiDg 
16,187,715  families.  Of  this  number 
611,435   dwelling  accommodated  one 


person  each,  10,1^.932  sheltered  two 
to    six    persons,    2,999,687    accommo- 
dated seven  to  ten  p^toow^  ^«L<iVv,  ^^'^. 
6(50,091  eleven  p^t^on*  wi^  «^«. 
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AREA   AND  POPULATION  OF  STATE:   1900. 


Trrrll'ifC 

'.■iiir 

Territoiy 

:siir 

""■ 

lano. 

iiilMl  Hum.. 

67.430 

S'SSif."-.:::: 

WwUlTl.  -IIV.,  . 

1.17/1.742 

in^r.:: 

122.460 

45 

,W 

Xrt^Z[ 

\^^:::::: 

1^  "d 

..«."*>, 

__!. 

_2,«nM« 

-. 



l.ATION    LIVING    IN    CITIES   WITHIN   SPECIFIED   LIMITS  OF 
SIZE   ANIJ    IN   COUNTRY   DISTRICTS:    1900. 


2B.00II  t.. 

VZi" 

Tntal. 

At  1-M 

4.000(0 

4,000.     1 

(1.212.168.  H.a)S.:(47 

.5.2Sti..175 

3..t80.1B3 

2,214.136  ;4S.57SA« 

■i.904.,S7.1  ■  14.20H.347 

o,son,fNw 

.5.273.587 

3,380.193 

a.211.019  4JS.411.1M 

i;:m:il0.ll    4.714:i'l7 
4.riW),lH- .       fl»4,lS5 
frW1.349r       570.120 

"'si  1., 4.5.1 
l,.-«3.-(17 
SBI.«7(> 

'37i:3ofi 

1.2»7;707 

738,911     6.eM.0tS 
183,112     S.2iaH8 
80a.714  16,184.077 
2ei,6fi8  11,891.794 
191,684     2.430.397 
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■LATION  OF  CITIES  HAVING  AT  LEAST  25,000  INHABITANTS 
IN  1900. 


ati«. 

tlon. 

Pop«l>^ 

85 

Ifll 
143 

S 

i 
1 

1 

iSS 

28.429 

II 
II 

j^r^^ya^-s^::: ::::::: 

^iv-s^-i^"------ 

M.eeo 

Mjl«8ukoe.  Wis 

!fi!90Z    I    MonmiinK 


125.AeO 
ZS.»I2    I 
42.9HS    I 
42,<k1S    ' 
3S.254 


adhviJie,  Tenn. 


UMd,f(ii;".;: 


31.531 
45.1  >  5 
26,«88 


shiire.  Pa.  . 
Hand,  Me. . . 


37,175 
5B.3M 

45.712 


lljrhmcinrl.  %■ 

K.iFh(Hlrr.  N.  Y 

lEwkfunt.  Ill 

PaiTsmeiH...  Cal.    ... 


;:      50  : 


e  iseo  to  leoo.  37.1: 
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TENNESSEE. 

ARI 

EA.  46,500  MmAHi  Hiuta. 

Rutharfiini, 

'f-^^^i^^r;  ■ 

..      S.UTlMonnw 

TE 

tA8. 

a  l.aaS]c  .  ... 


28.121 
14.59.^ 

111,072 
8.102 


2,7m 
8.483 
18.971 


a  u^ii'o 


"Xm. 


.  JeSnB\  ir 


M.lin  KBiifmuii 

IH.'i  Keiidull. 

8.-2ia  Kern  . . . 


B  uiiib...;:. 

D  Mibthell 

B  Houtaciw. . 


e  Motley 

3  Naoocdoebaa. . 
B  Smmto. 
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POPULATION  OF  THE  WORLD. 


SCIENTIFIC    AMERICAN     K&FBSBNCS    BOOK. 


?1^ 


T  EX  AS— CoB/iniwrf. 


RobOTIll.    . 

RobarUon. 
Rockmll. , 


8ui  Jscinto. .  . 
8aa  PMrieio. . 
8ui8>ba 


lUM 


1.7W 

12.2B2 

.     B.804 

.    4T.38S 


Wallwr  .. 

Wallw 

Wud. i.Mi 

WuhinctoD. .  .  S3.911 

Webb ai4Sl 

WhwtoD 1&<H! 

—     ■  Mfl 


SJM 


Salt  Lake. 
Sujuan. 


!:G?.;. 


Tot*! 27B.719 


liaoD 2\,9mVttt,K... 

inin^n.  ..    Zl.TOS!  Fmoklin, 


VERMONT. 

.    10.212  SQUARE    MTLU. 

S,0S6|Onnge 19.3131  WiDdham. 

30,IS8  Orieann 22.024  WindKir. . . 

4.402  Ru  I  land 44.2(W 

.     l2.28e|Waahintlnn...  36,6071 


VIRGINIA. 
\.  38,352  a. 
.      T.74T  Kiiw  Williai 
15.374  IancB«ter.  . 
.    IS.460  Lm.  . 
9.701  L  -"■- 
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10  Poiry 

16  Fnmklio  . 
14  Gwfield.  . 

11  lalukd i.b;u  u 

13  JeHcnon. ....      6.712  P 
9  Kinc liaOSS  P 


3.918  H 


7.319 
29,262 
10,208 

8.Z4S 


HarruoD.....    37.600  MononiiJiK. 

Jukmn 22,987  Monroa  . .  . . 

15.935  HwfU 

M,6M  Nlcbolu  . . . 

Levis 16.980  Ohio 

Linooln 1S.434  Pendleton    , 

S.fl5S  Ptauuti  .  . 


Huion  .  . . 


.    18,7' 

.    32.430  Pnslon 


(  Putnam.  . 


«  RoBne 10.852 

9  Summers     .  .  .  16.206 

»  Taylor ,  14,978 

i4  Tucker 13,433 

3  Tyler 18.252 

4  Upshur 14.606 

17  Wayne 23.610 

5  Webrtcr 8.863 

'3  Wetiel 22,880 

?  Wirt ia2B4 

B  Wood 34,462 

16  Wyoming 8,380 

■0 

058.800 


ukn  .  .  .  330,017 


6  Ouutee"". '. 


Sauk 

ISSTno,:;: 

Bheboyean  . . 

4  TrempeaUeau 

5  Varnon 


3  Waahington  .  . 

1  Wauknha... 


36.335  Langlade . 


12.653  lUchlan. 
16.269  Rook.  . 
42,261  8t.Croi. 


* l3.084;Crook 3.1371  Natrona 1,7851  W«»ton 3.203 

th 4.328  Fnmunt 5.357  Sheridan 5,122  YeUawmane  Park  .  369 

>n 9,580  Johiuun 2,361  Sweelwaler.  .  .      8.465 

m. 3.337 1  Laramie 20.1Hl|  UinIB     12,223| 

•<rtal 02,531 

V  THE  POPULATION  OF  THE  UNITED  STATES  ARE  SHBLTBRBD. 


tie  Census  ^ear  1900  there  were 
10,146  dnellingB,  ai^commodatiDE 
r7,715  families.  Of  this  number 
tSS    dwelling  accowwodated   on% 


person  each.  10.158.932  sheltered  two  j 
to  six  persons,  2,909,687  accommo-  I 
dated  seven  to  teu  "pfttftOTa  ^v^V,  ^.'^  ' 
CtiO.Odl  eleven  pvcBo^ia  va%  o'^m. 
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AREA  AND  POPULATION  OP  STATE:   1900. 


HnnV 

R„i,k 

■ssir 

^ir 

190Q. 

1 

L-nil«ia(al»,, 

3,5B7,503 

70.303,387 

MichlEan 

9 

i'mot 

1. 17^742 

4t:g2o 

"*! 

S 

l'485'0S3 

3b!s30 

affl 

Aluka. 

S,U40 

POPULATION    LIVING   TN   CITIES   WITHIN  SPECIFIED    LIMITS  OF 
SIZE   AND   IN   COUNTRY   DISTRICTS:    1900. 


..o 

P,-..T,0«. 

Incilicof- 

ToIhI.                           1 

distiicU. 
Z.SOOto  , 

75,994..'>75  '  14,208,347  .  ri.HOBMH-; 

.^,273.887 

3.380.103 

2,211,010  4fi.4ll.lU 

21,01H,fiBJJi    7.Kta.2l<0'2..'if..'i.41fl 
10,44.'J.JSO         787.(17.'-.       514.!«3 
2fi,l«3.1Kll  r    4,714.117    1.3K3.7B7 
14.II8U.U47'       n04.IGfi       AII1.87n 
4.0(»I.349i       079.120       4M,USa 

li 

lis 

738,911     6,a»4.(HS 

80i>i4  ia|i84!(rr7 

3l:gS:'i?aS 
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JLATION  OF  CITIR8  HAVINO  AT  LEAST  2B,000  INHABITANTS 
IN  1900. 
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POPULATION   OF  HTIES   BAVINO    AT    L&AST  2SJX»   INHABITANTS   IN   lUO- 


Bt.  I^tuTklo. . .     . 
flu  PudTlIiDD. . . 

Bdam.  Mm 

Salt  l^ke  aiy.  L'li 
8u  Aotooio,  TCI, , 
8u  PnneiHci.  Cal. 
SavuHiKh,  Ok.  .  . 
SehCDHUdy,  N.  Y. 
8Gnah)n,F*.. 

Suttle,  Wuh 

Sioiuaty,  lowB.     . 
SomarvitlB.  Hbhi.  . . 


4Z34S 
101.079 
S7S.23B 
IB3.00& 
36,0M 
S3.S31 
S3.3ZI 


ei.G43 

26.001 


TWnlDii,  N.  J 

Troy.  N.  Y 

UticfcN.T. 

W»&nRtafi.  n.  C.  . 
Walarbury,  Conn. . 
WbcelioR.  W.  Vl  . . 
WilkobcTK,  P»  . . 
WilliBRuport,  Pa.  . . 
WilnincUiB.  IM. ,  . 


isr\ 


DEATH  RATES  FROM  CERTAIN  CAUSES.  FOR  THE  REaiSTRATION 
AREA.   1900. 


Caiu». 

;„.,„„ 

..:  13  :o 

as  1 

Cau». 

pw  ICW.COO 

>[arrh*al  [ii«»>*..I  . 

rnkn«wn«u*.         

Kailmad  srci'dentB 

HIf-- 

.     6o:o 
4.'>:5 

33:7 

ililiji.  diarrlie 

:::::.:::  11: 

{»Bl,ilitysmiBtrj.,,J.y.. 

Ditihlheria  .... 
Typb.ndffver 
I'rcmBture  birlh      . 

SSEl-te;"":.: 

1! 

'«»lj?i.li 

?iS^"ot.W.iv,rV 

Gunshtrt  woundu 
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FOREIGN  BORN  POPULATION  CLASSIFIED  BY  PRINCIPAL  COUN- 

TRIES  OF  BIRTH:  1900. 


Country  of  Birth. 

Aurtrm 275.907 

Bohemia 156.891 

CaDAda  (English) 784.741 

Canada  (French) 395,066 

China. 81.634 

Denmark 153.805 

EngUnd 840.513 

France 104.197 

Germany 2,663,418 

Holland 104,931 

Hunfcary 145.714 

Ireland 1,615.459 


Country  of  Birth. 

Italy 484,027 

Mexico 103,393 

Norwav 336,388 

Poland. 383.407 

Ru98ia 423,726 

Scotland 233,524 

Sweden 572.014 

Switxerland 1 15,593 

Wales 93,586 

Other  countries* 273,442 

Total 10,341.276 


POPULATION  AT  LEAST  10  YEARS  OF  AGE  ENGAGED  IN  GAINFUL 
OCCUPATIONS,  CLASSIFIED  BY  SEX  AND  SPECIFIED 

'    OCCUPATIONS:  1900. 


Occupation. 


All  occupations. 


Acrictiltural  pursuits 


Agricultural  laborMv 

Dairymen  and  dairy  women 

Farmere,  planters,  and  overseers  .  . 
Gardeners,  florists,  niutierymen,  etc. 

Lumbermen  and  raftsmen 

Stock  raisers,  herders,  and  drovers . 
Turpentine  farmers  and  laborers  . . 

Wood  choppers 

Other  agricultural  pursuits 


Professional  service 


Total. 

Male. 

Female. 

29,074.117 

23,754,205 

5.319.912 

10,381.765 

9.404.429 

977,336 

4,410,877 

3.747.668 

663,209 

10.875 

9.983 

892 

5,674,875 

5,347,169 

307,706 

61,788 

58.928 

2,860 

72,020 

71,920 

100 

84,988 

83,056 

1,932 

24,737 

24,456 

281 

36,075 

35,962 

113 

5,530 

5,287 

243 

1.258.739 

828.163 

430,576 

Actors,  professional  showmen,  etc  .... 
Architects,  designers,  draftsmen,  etc .  . 

Artists  ana  teachers  of  art 

Clergymen 

Dentists 

Electricians 

Engineers  (civil,  etc.)  and  surveyors  .  . 

Journalists 

Lawyers 

Literary  and  scientific  persons 

Musicians  and  teachers  of  mui<ic 

Officials  (government)* 

Physicians  and  surgeons 

Teachers  and  professors  in  colleges,  etc. 
Other  professional  service 


34.760 
29.524 
24,873 

111,638 
29.644 
.50,717 
43.239 
.30,038 

114.460 
19,066 
92,174 
80,607 

132,002 

446.1.33 
13,864 


27.903 
28.483 
13.852 

108.265 
28.858 
50,308 
43.155 
27,845 

113,450 
13,082 
39,815 
78,488 

124,615 

118,519 
11.525 


6,857 

1,041 

11,021 

3,373 

786 

409 

84 

2,193 

1,010 

5.984 

52.359 

8,119 

7,387 

327,614 

2,339 


Domestic  and  personal  service .5.680,657        3.485,208  .     2,095,440 


Barbers  and  hairdressers 

Bartenders 

Boarding  and  lodging  house  keepers 

Hotel  keepers 

Housekeepers  and  steward.s 

Janitors  and  sextons 

Laborers  (not  specified) 

Launderers  and  laundresses 

Nurses  and  midwives. 

Restaurant  keepers 

Saloon  keepers 

Servants  and  waiters 

Soldiers,  sailors,  and  marines  (United  States) 

Watchmen,  policemen,  firemen,  etc 

Other  domestic  and  personal  service 


131,116 
88.817 
71.281 
54.797 

155.153 

56,577 

2,629.202 

.385,965 

120,956 

33.844 

83,746 

1.560,721 

43.235 

130.590 
34.597 


*  Ineludes  officers  of  Vmted  States  Army  and  Navy. 


125,542 
88,377 
11.826 
46.264 
8,224 
48.. 544 
2,.505,287 
50.683 
12,265 
28,999 
81,660 

276,958 
43.235 

129.711 
27,e3a 


5,574 

440 

59,455 

8,533 

146,929 

8.033 

123,975 

335,282 

108,691 

4,845 

2,086 

1,283,763 

879 
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POPULATION   AT   LEAST    10   YEARS  OF  AGE  ENGAGED  IN  GAINFIX  OCCUPA- 
TIONS.  CLASSIFIED  BY  SEX  AND  SPECIFIED  OCCUPATIONS:  1900— Cofi/«fiu«f. 


Occupation. 


Male. 


Trade  and  transportation '     4,766,964  I     4,263.617 


Female. 


503.347 


AicenUf 

HankerH  and  brokers 

Boatmen  and  i»ailon4 

Bookkeef>ers  and  accountants 

Clerks  and  copyists 

Commercial  travelers 

Draymen,  hackmen,  teamsters,  etc 

Foremen  and  overseers 

Hostlers 

Ilucksters  and  peddlers 

Livery  stable  kee|)ers 

MerchantB  anrl  dealers  (excer)t  wholesale) 

Merchants  and  dealers  (wholesale) 

Messenfcers  and  errand  and  office  boys .... 

Officials  of  banks  and  comj)anies 

Packers  and  shippers 

Port4*rs  and  helpers  (in  stores,  etc.) 

Salesmen  and  sale.xwr)men 

Hteum  railroad  employees 

StenoKraphers  an<l  typewriters 

Street  railway  employees 

Telegraph  and  telephone  linemen 

TeleKra|)h  and  telephone  operators 

Undertakers 

Other  i»ors*>nsin  trade  and  transportation 


241,162 

230,606 

10,556 

73,277 

72.984 

293 

78,406 

78,253 

153 

254.880 

180.727 

74.153 

630,127 

544.881 

85,246 

92,919 

91.973 

946 

538.933 

538.029 

904 

55,450 

54.032 

1.418 

64,929 

64.850 

79 

70,649 

73,734 

2.915 

33,656 

33.466 

190 

790,886 

756.802 

34,084 

42.293 

42,032 

261 

71,622 

64.959 

6,663 

74,072 

72,801 

1.271 

59.545 

39.557 

19.988 

54.191 

53.625 

566 

611,139 

461.909 

149.230 

582.150 

580.462 

1.688 

112.364 

26.246 

86.118 

68.919 

68.873 

46 

14,757 

14.757 
52.459 

75.015 

22,556 

16.189 

15.866 

323 

53,434 

49,734 

3.700 

Manufacturing  and  mechanical  jiursuits 7.085,992  i     5,772,788        1,313.204 


Dxiilding  trades. 

('arj>entcrs  and  joiners 

Masf>ns  (brick  and  stoiio) . 

Painter!*.  Klnzicrs.  arul  vurni.Hhers 

Pa|M»r  hanRcrs 

PlastiTors 

Plurnbors  iiiid  kils  uiul  .stcain  fitters 

ItiHiffTM  and  MJjiti'r.^ 

M<»cliuriicw  (not  otherwise  N|K»rifio«l) 

Chrrniciiln  and  allird  products. 

( )il  well  and  oil  works  crnployct?^^ 

Other  cheniiral  workers 

('IftN,  r//""*,  find  stone  prttducts. 

Brick  and  tile  makers,  etc 

<  Jla*"-*  workers 

Marble  urul  stone  cutters 

Potter.i 

Fishinfj  and  rninniu. 

Fishernien  and  oystorrnen 

Minors  an«l  quarrymen 

Fooil  and  kindnd  pntdutls. 

Bakers 

Butchers 

Butter  nrul  rhees"  makers 

('onfo<*tioiier> 

Millers 

(  Uherfootl  i»re|»:irers 

Iron  ami  uttd  and  tin  ir  jirodiufs. 

Hlarksiniths 

Iron  and  ste<»I  workers 

Macliii)i>t*» 

Steam  l»<iiler  m.ikers 

Stove,  furrjaee.  and  ^rrnte  makers.   . 

Tool  an«l  cutlery  maker> 

Whfv»J  MTJirlj  t  s 

H'j're  workcm 


600.252 

599.707 

100,805 

160,638 

277.541 

275.782 

21.990 

21,749 

35.694 

35,649 

97.785 

97.659 

9,067 

9.065 

9.392 

9,351 

24,626 

24,573 

14.814 

12,035 

49.933 

49,455 

49,998 

47,377 

54.460 

54,317 

16,140 

13,200 

08.177 

67,715 

563.866 

562,501 

79,188 

74,860 

113,950 

113,578 

19.241 

18.593 

31.194 

21.080 

40,548 

40.362 

28,782 

23,640 

220.477 

226,284 

200.  r.  11 

287.241 

2K.3.145 

282,574 

:i:i.tMO 

33.038 

12.473 

12,430 

28.122 

27,376 

13,505 

13.495 

\%A«I 

V         16,701 

545 

107 

1,759 

241 

45 

126 

2 

41 

53 
2.779 

478 
2.621 

143 
2.940 

462 
1.365 

4,328 
378 
648 

9,214 
186 

5.142 

193 

3.370 

571 

8 

43 

746 

10 

1,786 
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POPULATION  AT   LEAST    10   YEARS  OF  AGE  ENGAGED    IN  GAINFUL  OCCUPA- 
TIONS. CLASSIFIED  BY  SEX  AND  SPECIFIED  OCCUPATIONS:  l9Wh-C<mtinued. 


Occupation. 


Manufactuhnc  and  mechanical  pursuits. — (Continued). 
Leather  and  iU  fini»hed  products. 

Boot  and  shoe  makers  and  repairers 

HameRs  and  saddle  makers  and  repairers , 

Leather  curriers  and  tanners 

Trunk  and  leather-case  makers,  etc 

Luiuora  and  beveragea. 

Bottlers  and  soda  water  makers,  etc 

Brewers  and  maltsters 

DistillMV  and  rectifiers 

Lumber  and  its  remanufactures. 

Cabinetmakers 

(Vm>p«ib 

Saw  and  planinc  mill  employees 

Other  woodworkers , 

MeiaU  and  metal  products  other  than  iron  and  steel. 

Brass  workers. , 

Clock  and  watch  makers  and  repairers 

Gold  and  silver  workers. 

Tmplate  and  tinware  makers 

Other  metal  workers 

Paper  and  printing. 

Bookbinders 

Box  makers  (paper) 

Knsravers 

Paper  and  pulp  mill  operatives 

Pniiters,  lithoifraphers,  and  pressmen 

Tertiles. 

Bleachery  and  dye  works  operatives 

Carpet  factory  operatives 

Cotton  mill  operatives 

Hosiery  and  knitting  mill  operatives 

Silk  mill  operatives 

Wixilen  mill  operatives 

Other  textile  mill  operatives 

Dressmakers 

Hat  and  cap  makers 

Milliners 

Seamstresses 

Shirt,  collar,  and  cuff  makers 

Tailors  and  tailoresses 

Other  textile  workers 

Miscellaneous  indu^ries. 

Broom  and  brush  makers 

('harcusd.  coke,  and  lime  burners 

Engineers  and  firemen  (not  locomotive) 

(Ilove  makers 

Manufacturers  and  officials,  etc 

Model  an<i  pattern  makers 

Photograpners 

Rubber  factory  operatives 

Tobacco  and  cigar  factory  operatives 

Upholsterers 

Other  miscellaneous  industries 


Total. 


208,912 

40.101 

42.671 

7,051 

10.519 

20.962 

3.144 

35,619 

37.200 

161.624 

111.273 

26.760 
24,120 
26.112 
70.505 
56.602 

30.278 
21.098 
11.151 
36.328 
155,147 

22.278 
19.388 

246.004 
47.120 
54,460 
73.196 

104.619 

346.884 
22.733 
87.859 

150,942 
39.432 

229.649 
29,967 

10.220 
14,448 

223.495 
12,271 

243,082 
15.073 
26,941 
21.8r)6 

131,452 
30,821 

471.3(K) 


Male. 

Female. 

169.393 

39.506 

40.917 

5.472 

39,519 

595 

1.754 

1,579 

9,725 

20,687 

3.114 

794 

275 

30 

35,552 

37.087 

161.251 

104.468 

67 

113 

373 

6,805 

25.870 
19.305 
19.732 
68,730 
54,282 

890 
4,816 
6.380 
1,775 
2,320 

14,646 

3.796 

10.098 

26,904 

139,160 

15,632 

17.302 

453 

9.424 

15.981 

20,493 
10.371 
125,788 
12.630 
22.023 

1,785 

9,or7 

120,216 
34,490 
32,437 

rw>   r¥e\r^ 

42,566 

53.437 

2,090 

15,110 

1,739 

4.837 

8.491 

160.714 

8,925 

8.643 
14.405 

223.318 
4.503 

239.649 
14.869 
23.361 
14.492 
87.95.'> 
28.603 

:i8<),490 


30.630 
51,182 

344.794 

7.623 

86,120 

146.105 
30,941 
68.935 
21,042 

1,577 

43 

177 

7,768 

3,433 

204 

3.580 

7.374 

43,497 

2.158 

90.810 


— From  Reports  of  the  Twelfth  Census. 


The  annals  of  the  Pasteur  Institute  state 
that  during  the  year  1902  the  number  of  per- 
Mons  under  treatment  for  hydrophobia  in  Paris 
was  1,106,  of  whom  only  three  died,  one  c{ 
whom  had  not  completed  the  treatment  when 
he  succtmibed  to  hydrophobia;  so  tliat  in 
reality  there  were  only  two  deaths.  Of  the 
1.106  persona  under  treatment,  nine  were 
Engliah,  two  Spaniarda,  two  Ruasiaw*,  and 


one  each  CIreek,  Dutch,  and  SwLss — making 
l(i  foreigners  t«»  1.0S9  French.  The  diminu- 
tion in  the  number  of  French  patients,  as 
compare*!  with  several  prece<iing  years,  is  ex- 
[)lainc<l  by  the  oi)eninK  of  anti-rabic  in-^titutes 
at  L.ll".  Marseilles.  Monti>elUer,  Lyons,  and 
Bordeaux,  to  one  or  other  of  which  person.** 
residinK  in  the  neiKhVK»rK<HKl  v\(  llvv?*  ViN;vv*. 
have  been  sent  iusitcad  ol  tt^\tvv;\.o  VvvVv*. 
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In  1902  the  area  of  Indian  retei^ 
vationa  Id  tbc  Uoited  States  was  To,- 
148,643  acres  or  117,420  square  miles, 
and  the  population  in  1900  waa  270.- 
544,  but  in  1903  the  number  bad 
dwindled  to  263,233.  Indian  TerrlCorj' 
is  occupied   by   76.886  Indian   inbabi- 


tSDts,  while  43,746  live  In  Ariiou 
and  13,799  in  (ttUhoou,  and  19,477  ia 
South  Dakota.  The  rensui  gint  tlw 
Indian  popniation  in  Indian  Teiritxir; 
in  1900  aa  302.060,  and  the  Indiu 
population  elsewliere  ia  included  in  Ibr 
census  of  the  Statea. 


NUMBER  OP  PENSIONERS  ON  THE  ROLLS,  FIRST  PATMBNT8,  AITO 

AMOUNTS  OF  DISBURSEMENTS  FOR  PENSIONS 

PROM  1861  TO  1903. 


Jr.  i    '"""'''■' 

„n.l™... 

Dm  rr,IJ>.         { 

C«t.middM^ 

June 

»-,  ■„.,„*, 

Willows.  eU. 

ToUI. 

exp™. 

4.337 

:;■:     iSIs 

1        415.654 

:::     ?g:SS 

iii'i 
IS 

8,030 

ili 

234,821 

tl, 07  2,461. 55 
8,526.158.11 

29,683,110.63 

880 

""  KiaJao.i* 

s,raB:^:» 

S,841,700.T4 
S.B9a.21«.7» 

The  foiloHing  imounts  have  been  paid  to  eoldiera.  their  widowi,  minor  ebildno.  lai 
iletiendeiit  relsiive-  on  arcount  of  military  and  na\-al  urviee  durioR  the  wan  in  which  thi 
t.'nited  States  hai  been  eacaceil: 

Revniulionary  war  (egtimaleil). 170.000.000.00 

War  of  1812  (on  account  of  service,  without  recarcl  Co  ditabUit)') 45,188,107.11 

Indian  wajj  (on  account  of  nm-ie*,  without  reRaril  to dieabilityi M34.414.W 

War  with  Mei[ico(..n  account  of  aervice.  without  regard  toduablilty), 33.483,300. H 

War  of  the  rebellion 2,878,240,400.17 

WarwilhSpam 5.4TB,a>8.II 

Aotuai  total  disburseRients  ID  pensions..  •S/I3S.6!3,5«>.1« 

—Slatislifal  Abttrac*  of  (A*  [TihM  SMn, 
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IMMIGRATION. 

NUMBER    AND    NATIONALITY    OF    IMMIGRANTS    ARRIVED    IN    THE    UNITED 
STATES  DURING  THE  YEARS  ENDING  JUNE  30.  1889,  1899.  AND  1903. 


Countries. 


1889. 


1899. 


\iistri»-Hungary : 

Bohemia 

Hungary 

Other  Austria 
(except  Poland) 

Total 


Selcium. 
l>Munark. 


1903. 


3.085 
10.967 

20.122 


62,4911206,011 


Gibraltar 


Udy,  oontinentai . 
Sioly  and  Sar- 
dinia  

ialta. 

*letherlands 

iorwi 


34,174 

2.562 

8,699 

5.918 

99,538 

13 

158 

24,848 

459 


62.491  206.01 1 


1.101 

2.690 

1.694 

17.476 


Norway 
\)land. 


'ortugal 

loomania. 

lueria  (except 
Poland) 

Finland 

(pain 

(weden 

Iwitaerland 

!*urkey  in  Europe* 
Jnited  Kingdom: 

En^and 

Iruand 

Scotland 

Wales 

Total    United 
Kingdom.  . 


6,460 

13,390 

4,922 

57 

893 

81.889 

2.027 

526 

35.415 

7.070 

252 

68.503 

65,557 

18.296 

1.181 


3.450 
7.158 
5.678 
40.086 


153.537 


60,982 

385 

12.797 

1.326 

132 

10,402 

31,673 

1,724 

1.324 


136.093 

2,080 

46,028  > 

3.983 

3.290 

26.219 

35.310 

6.143 

1.275 


45.123     68.947 


Countries. 


Azores 

Greenland,  Iceland 
and  the  Faroe 
Islands 

Kuroue  not  8|)eci- 


1889.        1899.     I    1903. 


1.967 


12! 


6 


Total  Europe.  434.790     297.349  814.507 


British  North 

America 

Mexico 

Central  America  .  . 

Bermuda 

West    Indies    and 

Miquelon 

South  America  . .  . 


i 

21 


1.322   1.058 


161 
159 


528 
678 


4.923 
4271 


Total  America     t5,459 


China.  .  .  . 
Japan.  .  .  . 
Other  Asia. 


118 
640 
967 


Total  Asia  .  .  . 

Total  Oceania.  .  .  . 

Total  Africa 

All  other  countries 


2,585 
89 

8.170 
589 

4,316 

11.023 

1.660 
2.844 
4.468 


1,725         8,972 


2.196 

187 

70 


2.200 

10.968 

7.789 


29.966 


51 
1.027 


1.349 

176 

25 


Total  immigrants   444,427,    311,715  857.046 


*  Includes  Servia.  Bulgaria,  and  Montenegro. 

t  Immigrants  from  British  North  America 
and  Mexico  not  reported. 

— Statistical  Abstract  of  (.'ni ted  States. 


LABOR'S    DEATH    ROLL. 


No  less  than  4,513  lives  were  lost  in  1902 
rhile  in  the  ordinary  pursuit  of  their  calling 
n  the  United  Kingdom.  112.133  persons 
rere  injured  in  the  same  period.  The  per- 
entaee  of  deaths  from  different  causes  in 
cat  mining  was  (1)  On  the  surface.  11.3;  (2) 
fiscellaneous  imderground.  28.3;  (3)  In  the 
hafts,  9.9;  (4)  By  falls  of  ground,  44.1 ;  (5) 
)y  explosions,  6.4. 


factories 

fines 

jjtuuTies 

Iliippiiig  (Merchant  Vessels) 

Uulway  service 

Vorkshops 

sundries 

>ocks,  wharves,  and  quays 

ITarehouBes 

IttUdings. 

lailway  service  (contractors'  servants). 
Jndcr  notice  of  Accidents  Act,  1894. . . . 
•hipptnc  (Fishing  vessels,  etc.) 


Number 
Employed 
According 
to  Latest 

Retiuns. 


1 


3,929.213 

855,603 

97,108 

230.101 

575,834 


Total 


Injured. 


1902. 


77,118 

3.999 

1,190 

2.228 

13.735 

224 

355 
4,906 
4.235 
2.412 

123 
1.451 

157 

ii2asa 


— ' '  Daily  MovV  *  Y  ear  Boofe, 
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.  of  the  UDit«d  8 


AREA    AND   POPULATION    OF   TllK   UNITED  S 


CHAPTER    Vn. 


m^  T4TBRAKTK8,  PRINTIKO  AND  PUBIJSHIKO. 


THE  VALUE  OP  AN  EDUCATION. 


lal  report  of  the  United 
tUsioner  of  Education 
et  of  statistics  showing 
It  higher  education  af- 
in  life.  Particularly  it 
e-eminence  of  the  A.B. 
Qong  the  successful,  and 
lousness  of  the  self-edu- 

rd  of  success  to  which 
il  statistics  are  applied 
constitutes  eligibility  to 
lie  10.000  or  so  persons 
Vho*s  Who  in  America'* 
rding  to  the  editors.  **the 

in  all  departments  of 
d  reputable  endeavor/' 
ve  all  reported  the  scope 
f  their  education. 

States  Bureau  of  Edu- 
I  the  14J94.403  males 
old  in  the  United  States 
he  last  census  into  four 
asses,  as  follows: 

lout  education  1,757,023 
ith  only  com- 
tl    training  or 
rside  of  organ- 

B 12,054.335 

With    regular 
I  training  add- 

(557,432 

'ith  college  or 

:»tion  added..      325,013 

lose  few  who  are  under 
,  says  this  report,  the 
im  10,704  notables  show 
elude :     Without    educa- 

self-taught,  24 ;  home 
with     common     school 

1.066:  with  high  school 


Ramsay,  of  University 
Ion,  in  a  letter  to  th" 
Qts  out  the  remarkable 
?chnical  Education  plays 
ide. 

a    company    employs    no 

chemists ;  it  is  one  which 

no  product  of  which  it 

one  hundred  tons  a  year. 


training,  1,627;  with  college  training, 
7,709,  of  whom  6,129  were  graduates. 
That  is : 

From' 1800  to  1870  the  uneducated 
boy  in  the  United  States  failed  en- 
tirely to  become  so  notable  in  any  de- 
partment of  usefulness  and  reputable 
endeavor  as  to  attract  the  attention  of 
the  "Who's  Who"  editors,  and  that 
only  24  self-taught  men  succeeded. 

A  boy  with  only  a  common  school 
education  had,  in  round  numbers,  one 
chance  in  9,00(D. 

A  high  school  training  increased  this 
chance  nearly  twenty-two  times. 

College  education  added  gave  the 
young  man  about  ten  times  the  chance 
of  a  high  school  boy  and  200  times  the 
chance  of  the  l}oy  whose  training 
stopped  with  the  common  school. 

The  A.B.  graduate  was  pre-emi- 
nently successful,  and  the  self-educa- 
ted man  was  inconspicuous. 

•*From  the  nature  of  the  case,"  con- 
cludes the  compiler,  "it  cannot  be 
claimed  that  these  classifications  are 
exact,  but  they  are  based  upon  the 
fullest  statistics  ever  obtained,  and  the 
necessary  estimates  have  been  made  by 
government  experts.  It  is  also  doubt- 
less true  that  other  circumstances  con- 
tributed to  the  success  of  these  trained 
men.  but  after  all  reasonable  allow- 
ances are  made  the  figures  force  the 
conclusion  that  the  more  school  train- 
ing the  American  Ixty  of  that  period 
had.  the  greater  were  his  chances  of 
distinction. 

**It  is  unnecessary  to  extend  this 
inquiry  to  woman."  he  says,  in  conclu- 
sion. "Education  is  practically  her 
only  door  to  eminence. 


Of  the  seventy  chemists  require<l,  20 
are  employed  in  analyzing  the  raw  ma- 
terials and  intermediate  and  finished 
products :  25  are  engaged  in  superin- 
tending the  processes  of  manufacture, 
nnd  the  remaining  25  are  exclusively 
employed  in  scientific  work  to  improve 
the  present  processes  of  manufacture." 
— Daily  Mail  Year  Book. 
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POPULATION,     ENROLLMENT.     AVERAGE     DAILY     ATTENDANCE. 

NUMBER,  AND  SEX  OF  TEACHERS. 


Estimated 
Total 
Popula- 
tion in 
1902. 

Pupils  En- 
rolled in 
the  Ele- 
mentary 
and  Sec- 
ondary 
Common 
Schools. 

Per 
Cent, 
of  the 
Popu- 
lation 

En- 
rolled 

Average 
Daily 

Attend- 
ance. 

Number  of  Teachers. 

Divimon. 

Male. 

Female. 

Total. 

The  United  States 

78,544  816 

15,925,887 

20.28 

10.999,273 

122,392 

317,204 

439,596 

North  Atlantic  Division  . 
South  Atlantic  Division. . 
South  Central  Division.  . 
North  Central  Division.  . 
Western  Division 

21,802,750 
10.696,435 
14,715,700 
26,912,400 
4.417.531 

3.733.683 
2.279.290 
3,156,590 
5,866.396 
889.928 

17.12 
21.31 
21.45 
21.80 
20.15 

2,741,860 
1,446,797 
2,097.819 
4,101,022 
613,275 

18.060 
19,567 
30.652 
48.152 
5.952 

90.003 
31.818 
34,848 
139,091 
20,844 

108.072 
51,385 
65,500 

187343 
26.796 

AVERAGE  NUMBER  OF  DAYS  TAUGHT,  SALARIES  OF  TEACHERS. 

VALUE  OF  SCHOOL  PROPERTY,  AND  STATE  AND 

LOCAL   TAXATION,   1901-2. 


Division. 

Aver- 
age 
Num- 
ber of 
Days 
the 
Schools 
were 
Kept. 

Average 
Monthly  Sal- 
aries of 
Teachers. 

Value  of 
Public 
School  Prop- 
erty. 

Raised 

from  State 

Taxes. 

Raised 

from  Ix>cal 

Taxes. 

Raifieil 

from  Other 

Source?, 

State  and 

Local,  etc. 

Males. 

Fe- 
males. 

The  United  Stotes.  . 

145       IS49.05 

139.77 

$601,571,307 

$38,330,589 

$170,779,586 

$29,742,141 

North  Atlantic  Div . 

S.  Atlantic  Div 

S.  Central  Division. . 
N.  Central  Division. . 
Western  Divi.sion.  . . 

177.3 
115.8 
100.6 
150.5 
143.9 

59.01 
30.50 
44.28 
50.85 
65.90 

40.17 
28.60 
36.88 
39.00 
53.73 

243.150,033 
25.109.903 
29.875,383 

250.303.396 
53.132,592 

12,831.775 
5.148,670 
6,398,383 
8,374,009 
5.577,752 

69,984,121 

7.842.256 

6,869,991 

74.215,693 

11,867.525 

10.847.513 
1.150.494 
1,147.5«7 

14.781,748 
1.814.819 

Statistics  of  City  School  Systems,  1901-2. 

ENROLLMENT,    AVERAGE     ATTENDANCE,     LENGTH     OF    SCHOOL 
TERM,  NUMBER  OF  TEACHERS,  AND  EXPENDITURES 
IN  CITIES  OF  8,000  INHABITANTS  AND  OVER. 


Divi.«5ion. 


Num- 
ber of 

City 
Sch'K^l 

Sys- 
tems, 


Enroll- 
ment in 

Public 

Day 

Schools. 


Average 
Daily 

Attend- 
ance. 


Aver- 
age 
Length 

of 
School 
Term. 


Number  of 

Teachers  and 

Supervisors. 


Male. 


Fe- 
male. 


United  States. 

N.  .\tlantir  Div 
S.  yVtlantic  Div. 
S.  ('entral  Div. 
N.  Cfyntral  Div. 
Western  Div.  . . 


5H0      4,174.S12   3.159,441       187.3      9,4r)l    86,308 


242 
44 

rA 

205 
3S 


2.04»',,001  1.537.500 

292.143  205.948 

223.53*<  lOT.Slfi 

1.371,398  ,l,0<>«i,8O4 

i    241,732  1    181,373 


1.S8.4 
181.7 
ISl..^ 
187.  fi 


4.343  42.626 

S09  I  5.492 

WS  I  4.149 

3.135  i  28.909 


Expendi- 
ture for 
Supervi- 
sion and 
Teachinc. 


$66.5«1.506 


35.543,106 
3.436,613 
2.4S8.2M 

20.720.416 


Expendi- 
ture for  all 

Purposed 
(Payment 

of  Loan.* 
and  Bonds 
Excepted). 


$111,159,665 


59.050.M6 
5,898,312 
3,599.463 

35,112.m 
7J56,7» 
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Statistics  of  Secondabt  Education,  1901-2. 

CT0R8   AND   STUDENTS   IN  PUBLIC   HIGH   SCHOOLS  AND 
IN  PRIVATE  HIGH  SCHOOLS  AND  ACADEMIES. 


Num- 
ber. 

Public  High  Schools. 

Num- 
ber. 

Private  Secondary  Schools. 

in. 

Secondary 
Teachers. 

Secondary 
Students. 

Secondary 
Teachers. 

Secondary 
Students. 

Blale. 

Fe- 
male. 

Male.       JX. 

Male. 

I^e.    Male. 

Fe- 
male. 

.tea. . . 

6,292 

10.958 

11,457 

226.914 

323,697     1,835 

4.073 

5.830  i51.536 

53,154 

•Div.. 
Div.  . 
Div.  .  . 
Div... 
iv.  ... 

1,476 
436 
702 

3,333 
345 

2,960 

691 

1.037 

5.535 

735 

4,333 
568 
755 

5.084 
717 

75,888 
11.024 
16.450 
109.736 
13,816 

105,143 
16,937 
24,004 

156,714 
20.899 

650 
350 
364 
343 

128 

1,885 
629 
589 
704 
266 

2.529 
852 
735 

1.295 
419 

20,900 
9,098 
9.8a5 
8,680 
3.053 

18.893 
9,610 
9.541 

11,248 
3,862 

Statistics  of  Higher  Education,  1901-2. 

CTORS  AND  STUDENTS  IN  PUBLIC  AND  PRIVATE  NORMAL 
SCHOOLS  OF  THE  UNITED   STATES. 


Num- 
ber. 

Public  Normal  Schoob. 

Num- 
ber. 

Privj 

Teach 

Nor 

Stud 

ite  Normal  Schools. 

ion. 

Teachers  of 

Normal 
Students. 

Students  in 
Normal 
Course. 

lers  of 

mal 

ents. 

Fe- 
male. 

Students  in 
Normal 
Course. 

Male. 

Fe- 
male. 

Male. 

Fe- 
male. 

Male. 

Male. 

Fe- 
male. 

ties 

173 

1.024 

1,463 

12,209 

3,255 
1,013 
1.868 
5^341 
732 

37.194 

109 

445         345 

7.484 

307 

603 

1,129 

5,431 

14 

8,181 

B  Div..  . . 
Div.  . . . 
Division 
Division 
ivision .  . 

62 
25 
24 
40 
22 

325 
124 
132 
315 
128 

661 
197 
110 
366 

129 

13.987 
3,070 
3.393 

13.566 
3.178 

7 

28 
27 
46 

1 

60 

53 

S3 

245 

4 

88 

79 

64 

107 

7 

961 

955 

1.148 

5,054 

63 

rCTORS    AND    STUDENTS    IN    COEDUCATIONAL    COLLEGES 
AND  UNIVERSITIES  AND  IN  COLLEGES 
FOR  MEN  ONLY,  1901-2. 


Professors 

and 
Instructors. 


Students. 


Male. 


ktee. 

464 

9,329 

>iv. 

85 

3.000 

Hv. 

73 

1,050 

Div 

77 

878 

Div 

190 

3,583 

iv.. 

89    J 

818  1 

Fe- 
male. 


1.907 

104 
109 
3a5 
1,085 
184 


Preparatory. 

Collegiate. 

Rc-'iclent 
Graduate. 

Male. 

Fe- 
male. 

Male. 

Fe- 
male. 

Male. 

Fe- 
male. 

32,094 

14,508 

02,430    21.051 

3.895 

1.456 

6.4as 

3.405 

5.701 

13.871 


900 
1,532 
3.026 

7,188 


22.903  2,029 

0.029  1.081 

6.407  I  2,472 

21,993  ,12,045 


2,589  I  1. '802  I  4'.438  \  2,&2ft 


\ 


1.096 
452 
155 


Total 
Income. 


$25,112,169 


444 

36  , 

69 
1^  \ 


9,382,226 
2.115,295 
2,172,238 
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INSTRUCTORS  AND  STUDENTS  IN  SCHOOLS  OF  TECHNOLOGY  AND 

INSTITUTIONS  CONFERRING  ONLY  THE 
B.  S.  DEGREE,  1901-2. 


PttAcMfom 

!  Num-     Instructors. 

i    ber 

Studeata. 

PrepAimtory.  i    CoUegiAte 

Resident 
Graduate. 

Total 

Division.       '  of  In-               j 
stitu-               ! 

■ 

Fe- 
male. 

Male. 

Fe- 
male. 

Inoome. 

United  Sutee.       43        1,293       132 

3.058 

673 

11.667 

t,t48 

141     i     54 

$4,796,613 

N.  Atbn.  Div.        10     '     385         13 
8.  AtUii.  Div.  .        8     ,      250           0 
S.CenUlMv  ..         5           112           4 
N.  Cent.  Div.  .  ,     11     ,      862         74 
Western  Div.  .!       9     !      183         41 

287 
291 
804 
1023 
673 

8 

0 

129 

230 

306 

3,022 
2.255 
1,258 
4.115 
1.017 

91 

1 

.57 

683 

316 

22 
80 
25 
51 
13 

5 
0 

4 

37 

8 

t,645.m 
796.580 
425.642 

1,275.480 
653.731 

INSTRUCTORS   AND   STUDENTS   IN   COLLEGES   AND   SEMINARIES 
FOR  WOMEN  WHICH  CONFER  DEGREES,  1901-2. 


Division. 


United  States 


North  Atlantic  Div. 
South  Atlantic  Div. 
South  Central  Div.  . 
North  Central  Div. . 
Western  Division. .  . 


Number 
of  Insti- 
tutions. 


131 


19 
45 
46 
19 
2 


IVofessor*  and 
Instructors. 


Female  Students. 


I 


Male.     ,  Female. 


Preiwr- 
atory. 


670 

1.767 

7,610 

16.534 

326 

295 

459 

1.281 

5.376 

157 

203 

517 

2.006 

5,236 

77 

107 

472 

2,675 

4,377 

65 

57 

269 

1.423 

1,493 

26 

8 

50 

225 

52 

1 

Total 
Inoome. 


$3,954,462 

1,888,799 

906,853 

646,048 

467.763 

47.000 


SUMMARY   OF   STATISTICS    OF   PROFESSIONAL   SCHOOLS 

FOR   1901-2. 


Division. 


United  States. 


N.  Atlantic  Division. 
H  Atlantic  Division. 
8.  Central  Division  . 
N.  Central  Divi>*ion . 
Western  Division  .  . 


Theological. 

Ijtw. 

MedicaL 

Schools. 

In-    1   Stu- 
struct-  dents, 
ors. 

Schools. 

In- 
struct- 
ors. 

Stu- 
dents. 

Soboob. 

In- 
struct- 
ors. 

Stu- 
dents. 

148 

1.034    ♦7,343        102 

1.155 

tl3.913 

154 

5,029 

36.821 

52 
10 
14 
58 
5 

448  j   2.915  ■        18 

128  1      903          21 

75         534  ;        17 

357      2,910          39 

2«           81  '         7 

275 
159 
126 
537 
58 

4.596 
3.138 

796 
5.851 

529 

36 
28 
86 
67 

ts 

1.186 
574 
544 

2,412 
868 

6,514 
3.609 

4,905 

10.693 

1,109 

*108  of  these  were  women. 
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GENERAL    SUHHARY    OF    STATISTICS    OF    PROFESSIONAL    AND 
ALUBD  SCHOOLS  FOR  1901-2. 


Oh. 

SchooU. 

Inatnicst- 

StudmU. 

1 

!:S5 

5W 

Is 

4,427 
13.M2 

LOTS 

»,17fl 

4.084 

296 

74.751 

ll«li«l  Mboobi  included  sboTe; 

To«l 

tM 

s.on 

28.821 

s.m 

ENROLLMENT    IN    SPECIAL    SCHOOLS    IN    1901-2. 


Gtx  evcoiiu  Khooli  (at 
Scbodi  for  drfectiTia.. . 


GoTemuMnt  Indlu  Khoola. 

Indiui  Hbootg  (Sv*  dvillHd  tribv) 

Behools  in  Alukk  rapportvd  by  the  Govenuuent. 

Schoola  in  Aluka  nipfiorMd  by  inccirparktwl  munieipalitiea  (partly  w 

Otpluui  uylunu  and  other  beneTolent  ingtitulioiu. 

Pnvkte  kinderiputeiw. 

Hiacallaneoiu  (indudiiic  BchooLs  of  muoc.  oratory,  elocutinn.  coolb 
■pacUl  aiU 


SUMMARY    OF    STATISTICS    OF    PUBLIC,    SGCIErTY,    AND    SCHOOL 
LIBRARIES  OF  1,000  VOLUMES   AND  OVER   IN  1900. 

TOLUUBS  ADD  PAUPHLETS  ADDED  AND  BOOKS   ISSUED. 


48,410.12a  |7Sa    9,609,632 


K.  Atlantie  I»*. 
8.AtUntioIHv.. 
8.Cantn]I>iT.. 
N  CcntrU  DiT.. 


^0M 
S1J68 
U,a0 


73.320 
B30,B5B 
194,305 


.347    27,105.291  I  3S6    a,!»79.487 
'     ■-       803,769 


KviHoa. 

, 

, 

1 

1 

1 

1 

1 

, 

1 

1 

i 

j 
1 

i.979    1,725 

«SB 

IN 

.. 

U 

ti 

OG 

1 

IS? 

SH 

I3S 

IK 

133 
SI 

S 

7t 

)! 

It 

1 

'i 

s 

1 

1 

SUMMARY    OF    STATISTICS    OF    PUBLIC.    1 
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SUMHART  OF  STATISTICS   OP   PDBUC,   80CIETT,  AND  SCHOOL 
LIBRARIES  OF  1,000  VOLUHES  AND  OTBR  IN  IMO. 


anmmmoyi 

or  LiBBAma  ato  mmum^ 

Diiivan.             1    LOniiok.     1     VoIobm. 

^^ 

Sr 

«f 

Vnile<l  8l>l» S.ISS        j     t4J*l3Il 

n.nT,KT 

14.118 

» 

Ni>rthAIIiuiiipTHT.....         t.«n 
N<<rth*>«1Tmll>ir.                 t.TO 

1:iSS 

1.KM.711 

11.0U.7M 
1.0BI.HB 

i 

KW71 

ii 

« 

—Fram  KavrU  of  On  Ann  al  lUtatm. 


« 

« 

1 

i 

/ 

/ 

/ 

7^ 

^ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

PRINTING    AND    PUBLISHING. 


There  wcrp  1S,22C  piilili'-ntions  re- 

Kirtnl  to  the  <fnHiis  niithnritimi,  vbllc 
fMIt  |ii>lili<-Htions  failed  to  rpport. 
This  would  Klve  n  n'lnnrknhte  loinl  of 
'JI.'.IT'J  |HTi<Hll'-iilK,  mill  (he  iit-en's^le 
•'in-Mlnlli>ii  of  tlmse  ren'irliiur  whs  114.- 

niimlrfr  of  t-upieH    liMiieil     

cemag  year  whk  8,168,148,740. 


The  average  capital  of  tbose  en- 
eacvd  in  llie  printlnR  builneaa  U  fll- 
574 ;  the  sverage  value  of  their  prwl- 
iiclsis¥14.ritil>.  These  figures  com ihM 
H-ilh  thiisp  of  B  ijrevioua  deride  show 
Ihnt  ill  a  iMriiMl  of  tm  .veani  an  in* 
crenm'il  cni'itnt  is  r«quired  to  prodnn 
(he  Hnine  or  even  a  smaller  value  of 
,  VT<>Au<^^i^'<  tb\«  It  UTfelf  canaed  b;  an 
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'yiHigrupliU'ul    Uuiou    Kan   i    Misi 


C«ll«il  DpOD  to  supply  ISO  mpD 
aiNK^iiil  Job  of  vhy  prinUtie.  mil 
couJJ  iH-  ottaisi'J,  ami  tJicdO  » j(} 
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In  lOriO,  cities  of  201,000  inhabi- 
tiiit*  and  ov<*r  contained  79  i)er  cent 
iff  fb«  iK^parate  Job-printing  establish- 
m«rnts  of  the  country,  and  97.7  per 
ci^t  of  the  total  job  product  ema- 
nated from  them. 


Aver's  Newspaper  Directory  for 
1904  gives  later  figures,  viz.:  Daily. 
2,457;  tri-weekly,  56;  semi-weekly. 
634;  weekly,  16.935;  fortnightly,^: 
semi-monthly,  285;  monthly.  2,698;  bi- 
monthly, 53;  quarterly,  192;  miscel- 
laneous, 10.    ToUU  23,385. 


QUANTITY  AND  COST  OF  PAPER  USED. 


Kindi. 


N«ir« 

HtMtk  ttrwl  tierifNltcAl. 
Job  printing 


Pounds 


956.335,921 

202.196,263 

74.510,064 


ToUl 1,233,142,248 


Cost. 


$22,197.0U> 
9.356.490 
6,270,306 

$37.823356 


Average 
cost  per 

pound. 

cenu. 

2.3 
4.5 

8.4 

3.1 


Our  figures  show  the  quantity  and 
codt  of  pai>er  used  and  the  average  cost 
per  pound  In  19(K). 

In  this  table  is  presented  a  division 
of  the  paper  used  in  1000,  ac(*ording 
to  the  several  classes  of  products 
which,   combined,   produced   the   total 


value  of  products  of  newspaper  and 
periodical  establishments.  About  one 
and  a  quarter  billions  of  potfnds  was 
used  during  the  year  in  which  the  cen- 
sus was  undertaken.  This  large  quan- 
tity was  utilized  in  the  following  pro- 
portions : 


Percent 

News 77.6 

Book  and  |>erio<ltcal 16.4 

Job  printing 6.0 


LIBRARIES    OF    THE    WORLD. 
The  following  is  a  list  of  the  principal  Libraries  of  the  world: 


Library. 


City. 


No.ofVoU. 


Bibliothfeque  nationale 

BritiHh  Muneum 

Imper.  publicnaja  biblioteka 

KOnigliche  bibliothek 

Library  of  ConKre.s.s 

K5n.  Hof-  u.  Staat8bibliothek 

K.  u.  k.  Hofbibliothek 

Universitilt.s-  u.  landeMbibliothek 

PuWic  Library. 

Publicnyj  i  HurajancovHkij  musej 

Public  Library — AHtor,  I^nox,  and  Tilden*  Foundation. 

Biblioteca  naoional 

Bodleian  Library 

K.  k.  Universituts-bibliothek 

Harvard  Univernity  Library 

Cambridge  University  Librarv 

Det  store  kon^elifce  bibliothek 

UniversitiitM-bibliothek 

Univerniteit  bibliotheek 

K6n.  bibliotheek 


Paris 2,602,000 

London 2,003,000 

St.  Petersburg 1,329,000 

Berlin 1.2OO.O00 

Washington 1,000,000 

Munich 1,000.000 

Vienna 900,000 

Strasburg 814.000 

Boston 812,260 

Moscow 800,000 

New  York  City 787,700 

Madrid 600.000 

Oxford 600,000 

Vienna 596.526 

Cambridge  (  U.  S. ) 675,889 

Cambridge  (Eng.) 550.000 

Copenhagen 550,000 

Gdttingen 506,814 

Amsterdam 500,000 

The  Hague 500.000 


THE   RAPID   EXTENSION   IN  THE  GATHERING   OP  NEWS. 


In  188G  the  New  York  World  re- 
ported the  battle  of  Majuba  Hill  in  six 
lines,  but  so  rapid  was  the  extension 
of  news  gathering  that,  fourteen  years 
later,  events  in  the  same  quarter  of 
the  globe  wero  re])orted  to  the  great 
American  dailies  by  cable  as  fully  as 
though  close  at  hand.  The  destruction 
of  St,  Pierre,  Martinique,  in  1902,  by 


an  eruption  of  Mont  Pel^,  may  be 
mentioned  as  an  illustration  of  this 
tendency. 

The  cablegrams  which  detailed  that 
great  disaster  reached  American  news- 
papers by  way  of  Brazil,  the  Aiores 
and  (Jreat  Britain,  costing  the  recipi- 
ents from  $2  to  ^4  per  word,  with  fees 
I  for  prccedftuce. 


CHAPTER    Vin. 


LBOBAPH8,    TEIjSPHOITXS,   8UBHAR1KB   GABIiKS, 
WIBEZiESS    TEIjSOBAPIIT,    AND    SIONAIiLNQ. 


LAND  LINES  OF  THE  WORLD. 

nidi  nutieulwi  u  we  have  been  able  to  obtain  of  tbe  land  lidaa  ot  tal»- 
leworidTMin-— 


o  December  31,  1 
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LAND   LINES    OF  THE   WORLD— <7«MiMMd. 


Ungth 

nfUnn 

dMIIw. 
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P.„ 
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MILEAGE   OF   LINES   AND   WIRES,   NUMBER   OF  OrPlCBS,   AND 
TRAFFIC   OF   THE   WESTERN   UNION   TELEGRAPH   COMPANY. 
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The  greatly  increased  mileage  since 
1880  is  principally  due  to  the  fact  that 
in  1881  the  Western  Union  Telegraph 
Company  absorbed  by  purchase  all  the 
lines  of  the  American  Union  and  the 
Atlantic  and  Pacific  Telegraph   Com- 


cable  companies,  operating  eight  At- 
lantic cables,  and  guarantees  5  per  cent 
annual  dividends  on  the  stock  of  the 
American  Telegraph  and  Cable  Com- 
pany ;  amount  $14,000,000. 
Besides   the  above,   there   are   new 


A- 


THE    MORSE    TELEGRAPH     CODE. 
(Used  m  the  United  Stotes.) 

— «— -    o-    •     ^-----     Q...— ..    rt-.--     X---      r— 


«-- 


-  K' 


r 


£ 

9 -- 


0 


7 — 


^emtoo  .  .  ...  ..  .  .  cotmrnm^m—  -  —    colon (tt.o.)^^  -  —      -   «     scmicolom-^.  —  -  —  - 

•  on  (s.  ij-  •"■'     -  - 

tmreftmotATtoit'-^  -  -  -i— .    exclamatiom—  —  —  .  PAmAsmAH*  m^  —  ^—  — 

^A^eiiT»ttu$~  ^  -  -  ^    om  AT  Bcottmmof^M.)'  -  -  -  -     — .  -   om  at  cho  (J»k^ --.---     ..   .. 

ovcTATiom  -  ^  .  ^  •  ^  •  .^.    on  ^T  acomHm*  (o  m.)^  -^^—  —     —  -  om  at  cnd (q.j.j 

OvorATiom  mnTitAt  qvoTArt^m  (0.M.)m  -  —  -       -  —  -  -     OAttt  (o.  *■)"-'  -  -       -  —  -  - 

v—tmLm€'~^  -  -  -  —^  <->  om  at  mmommtMM.  («■*■)"  -  ^      -  —  -  -   oa  at  chd  (v.j.)  -  -  ^     ^  -.  _ 

ltV^mem(M.K.)^  -  -  -        .  .i_  ^  .    OOLLAH  tlSn(s.K.)  -  -  -         -  —  -  -     OKCIHAL   ^0 1 N  T  "-^  "'-^  — — 


d — 


THE     INTERNATIONAL    TELEGRAPH     CODE. 

(The  Cable  Code.) 

m  —  ^—  -  — —       m  or  m^  —  ^—  -  ^—       b  ^—  -  -  -      o  —  -  —  -      eA 
-       *-      •' f ff ^ »--       J-' 


M 


Bav  ^w  ^tHt»ti»r%    —  .^      ^—  — »      ^—  —  ■  ^amtoo—  -----       ttMieoton  —  -  -  —  -  — 

c«/»*«*  —  ^^  —  ^^  —  ^^       COlOm  ^^  —  —  —  —  —        /«  TtmmomA  rtom  ^  ^  —  -^  —  —  touAc  —  -  —  -  ^— 

tMCLA**ATt0»0  ^^  —  -  -  ^—   —  NY^MtM    OA   OA4M  —  -  -  -  -  .—  fAmtMTHeSH  ^—  -  ^—  —  -  ^— 

QyorATtom^  —  -  -  — %  -       UMOtALtug  -  —  ^—  —  —  — ^         tMHOA^  —  —  -  —  _  —  —  cmo$»  -"^—  —  —  - 

ttrviTATio^t  re   TmAm»Mir ^^  —  ^^  v^ait  —  ^^  —  —  - 

J'A«r#    r;««/#     M##</    «n/y   <*«    f0p»Hticf»    t»nt/ im   tejel    -ttrriVan    0t^tirely    tfj^i^nres 

C^^      BAm  rem  rm Action  ^^  ^^ 


panies,  the  former  having  previously 
in  operation  over  12,000  miles  of  line 
and  the  latter  8,706  miles.  Capital 
stock  of  the  Western  Union,  $100,000,- 
000. 

The   Western   Union   has  exclusive 
contracts    with    severai    interna Mona  I 


lines  of  telegraph  which  have  complied 
with  the  United  States  telegraph  act 
of  \SiM\,  and  are  operating  wires  with 
or  without  connection  with  railway 
companies  in  many  parts  of  the  coun- 
try.— ^Statistical  Abstract  o{  tKe  Utv\le4 
fiiates. 


183 


SCIENTIFIC   AMERICAN  REFERENCE   BOOK. 


MILEAGE   OF   LINES   AND   WIRES,   NUMBER   OF  OFFICES,  AND 
MESSAGES   SENT,   OF   THE   POSTAL  TELEGRAPH 

CABLE   COMPANY. 


Year. 


Miles  of 
Polee  and 

Cable 

Operated 

but  not 

Owned. 


1885 
1897 
1903 


16,011 
21,319 


Miles  of 

Poles  and 

Cable 

Owned. 


Ifilefl  of 
Wires. 


2.811 
21,098 
27.482 


23.587 
178,438 
276,245 


I 


Ofl&ces. 


260 

9,875 

19,977 


1,428.690 
13.628,064 
21,600.577 


The  aggregate  mileage  of  telegraph 
lines  which  carry  varying  numbers  of 
wires,  according  to  the  business  re- 
quirements of  the  localities  through 
which  they  run,  in  the  United  States 


open  for  public  business  exceeds  210,- 
000  miles,  besides  railways,  6o?ern- 
ment,  private  and  telephonic  lines; 
the  length  of  the  latter  not  being  a8ce^ 
tainable.  • 


STATISTICS   OF   THE   AMERICAN   TELEPHONE   AND   TELEGRAPH 
COMPANY    AND    OPERATING    COMPANIES    ASSOCIATED 
WITH  IT  ON  JANUARY  1,  FROM  1897  TO  1903. 


Data. 


Exchanges 

Branch  offices 

Miles  of  wire: 

On  polefl 

On  DuildinR:* 

Underground 

Submarine 

Total  miles  of  exchange  nervice  wire 

Total  cirouitfl 

Total  employees 

Total  subscribers 

Length  of  wire  operate<l miles.  . 

Instruments  in  hand:}  of  licensees  under  rental  at 

beginning  of  year No. .  . 

Daily  exchange  connectior^?. **    .  . 

Averago  daily  calls  per  subscriber **    .  . 

Receivcil  in  rentals  of  telephones dollars.  . 

Dividends  paid  stockholders * ' 

Capital •* 

Ciross  earnings '  * 

Net  earnings 

1  Information  not  collected  separately. 


1897. 

1900. 

967 

1,239 

832 

1.187 

280.632 

509.036 

12,594 

15,087 

234,801 

489,250 

2.818 

3,404 

536,845 

1,016,777 

264.645 

422,620 

14.425 

25,741 

325.244 

632,946 

805,711 

1.518.609 

772,627 

1,580,101 

2.630,071 

5.173,803 

8.3 

8.2 

1.597.959 

2,427,038 

3,682.949 

4,078,601 

89,100,500 

5,130.845 

9.534,499 

4.169.675 

5,486,058 

1.514 
1,861 

1  1,109.017 

1,328,685 

6,048 

2,443,750 

742,654 

50,350 

1,277,981 

3,281,662 

3,150,320 
9.322.051 
7.J 


TELEGRAPHIC   TIME   SIGNALS   SENT   OUT   AT   NOON  DAILY, 
EXCEPT   SUNDAYS  AND  HOLIDAYS,  KY  THE  U.  S. 

NAVAL   OBSERVATORY. 


Tlie  time  service  of  the  IT.  S.  Naval 
Ol)servntory  has  continued  repularly  to 
send  out  daily  ttdegraphic  time  signals 
at  noon,  seventy-fifth  meridian  time, 
with  an  averape  error  for  the  year  of 
only  (Js   If),      Tlie   widespread   impor- 


tance of  this  service  is  shown  by  the 
fact  that  it  furnishes  absolute  standard 
time  not  only  for  navigators  at  all  the 
principal  seaports,  but  for  the  entire 
country  except  the  Pacific  Coast,  which 
f^c'X^  a  «.\m\WT  «\fpial  from  the  Naval 
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vatotT  at  the  Uare  Island  Yard, 
iver,  all  of  thia  Invalaable  mr- 
8  rendered  to  the  country  at  no 
se  whatever  to  the  GoTemment, 
luch  SB  it  Is  merely  incidental  to 
rork  and  faeiliiies  re<iiiiie>1  for 
itioK  of  chroDometera   for  nava 

illustrate  (he  wide  diatrlbatlon 
IS  lime  signal,  it  is  of  interest  )o 
1  the  fapt  that  It  noes  oul  daily 
the  wires  of  the  Weslem  Union 
raiih  Company,  the  Postal  Tele- 
.   Company,   the   Ameripan   Tele- 

•  and  Telegraph  Conmnny.  the 
i<«l  department  of  Ihe  Distric-t  ot 
abia  and  the  N'alioDs]  Eleotric 
ly  Company.  Thete  are  now  IS 
mment  time-balls  and  some  40.- 
nblir  atld  private  eloeka  oorrei'ted 
by  naval  lime  Bignals. 

•  entire  series  ot  noon  siitnala 
TOt  dally  over  the  wires  Is  shown 
icatly   in    the  Hrc^ompan^ing  dia- 

Tiiis  repreaeniB  tlip  signals  aa 
would  be  recorded  tin  a  chrono- 
I.  where  a  i>eti  draws  a  line  npon 
vt  of  paper  moving  along  at  a 
rm  rate  beneath  it.  and  is  acttiat- 
an  electro- magnet  no  as  to  mnke 
■I  every  tiek  of  the  transmittinK 
The  electric  connections  of  the 

as  shown  liy  the  breaks  in  the 
.1.  These  breaks  enable  anyone 
a  listening  to  a  Bonniler  in  a  lele- 
I  or  telephone  office  to  recognize 
llddle  nnil  end  of  each  minute. 
lally  the  end  of  the  last   minute, 

there  is  a  longer  Interval  that  is 
red  by  the  noon  signal.  Durin); 
last  long  Interval,  or  ]l>-»econd 
those  Tho  BTf  in  cbailie  of  iime 
and  of  clocks  that  are  corrected 
ienliy  _al  nopn  throw  their  Joca 
Into  circuit  fb  that  Hie  noon  sig- 
rops  the  time  balls  and  corrects 


iDously  over  the  wires  all  over 
^nSted  States  for  iin  iulervnl  of 
minutes  immpdiately  precediiia 
For  Ihe  country  east  of  tli.' 
¥  Mountains  the  ajgnnls  are  sent 
>y  the  Observatory  at  WasbinK- 
nd  end  at  noon  of  the  T^th  men- 
naodard  time,  corresponding  to 
m.  of  the  nOth  meridian  and  10 
of  the  imih  meridian.  For  the 
ry  west  of  the  Hockv  Mountains 
ire  sent  ont  by  the  Ohsprvntorv  nt 
fare  Island  Navy  Yard.  Culifiir- 
Dd  end  at  noon  of  the  12nth  nieri- 
IbestaDdardtime  meridian  of  thf 
c  Coast    The  trsosmlttJn;  cloi'k 
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tliHt  H<'ijdH  out  the  HignalH  in  corrected 
vi*ry  ac<'urHt<»l.v,  Khortly  J)ofore  noon, 
from  the  mean  of  tlire<*  standard  clocks 
I  lint  are  rated  Uy  .star  Hif^litH  with  a 
meriflian  transit  InHtriinient.  Tlie 
noon  HiKtial  \h  seldom  in  error  to  an 
amount  Kreater  than  one  or  two  tenths 
of   a   s(.*cond,   although   a   tenth   more 


may  l)e  added  lo*  the  relays  in  u»  ou 
long  telegraph  lineA.  Electric  trans- 
mission over  a  t^oDtiuuous  wire  i$ 
practically  instantaneous.  For  timf 
signals  at  other  times  than  noon,  simi- 
lar signals  can  be  sent  out  by  telefcraph 
or  telephone  from  the  same  clock  ibat 
sends  out  the  noon  signaL 


STANDARD  TIME 


Tlie  desirability  of  using  a  uniform 
Htiindnrd  of  time,  independent  of  lo<*al 
lini«».  was  rero^nizef]  at  a  very  early 
date.  Tlie  differenc«»s  of  lo<'al  tinv? 
arise  from  the  use  of  solar  motion  n.s 
II  tinic-nii'iisMrer.  We  call  the  time  tkhui 
when  the  ynn  is  opposite  the  meridian 
of  till'  \i\nrv  where  we  are  living,  and 
in  ('f)iis<'<|iU'iM'i>  of  ihe  sun*s  motion 
from  enKt  lo  wi*st,  I  lie  more  easterly 
i}(  two  pIiici'M  will  have  the  earlier 
liiii*',  tUf  dilTcreiici'  in  hours  being  ex- 
iK'tly  1-1.' til  of  the  longitudinal  differ- 
i'W'f  in  degrees.  In  other  words,  15 
d<'gr(M'H  of  longitude  correspond  to  a 
lime  dirTereiiie  of  one  hour.  Peculiar 
diflicnltjes  wen*  ••iicounfered  in  this 
erjiifit ry  on  ncctMint  of  its  vast  longi- 
tiidili.'il  extent,  and  the  lliconveiiience 
been  rue  very  serious  with  the  «'Xteii- 
Mion  of  tlie  niilroiid  mikI  telegraph  sys- 

|er^.^. 

Tin-  riioveineiit  wlijeli  resulted  ill  Ihe 
iidoptioii  of  the  pi'i'sent  time  system 
tuny  hi*  ynid  to  linve  (U'igiuated  in  n 
n-port  on  the  siibji-et  by  the  Ameri- 
enn  Meii-oroiogieni  Soeiety,  whi<"ii  wjw 
viibiiiit iiMJ  i\\  n  iiieeiiiig  of  the  (b^neral 
'rifii"  < ''iiiveiii  ioji  held  on  Oct.  K<, 
\XH\.  prri|iii-:iji:;  :i  siii;rle  stiilldnrd  for 
tie-  wlinje  ronnl  ry  niKJ  su^^esting  th«» 
hour  llii'ory  ns  mm  :illern;iliv«'  proposi- 
tinii.  Tlie  rnjiiler  w;is  referred  to  the 
veireinr.\,  Mr.  W,  T.  Allen,  niid  eoni- 
iiHiiiicniiiins  were  invited  from  |)arlies 
iiilej-i'^iiMJ.  The  pro|Misnl  to  fix  one 
sfnndnrd  of  time  foi*  the  whole  rountry 
\v;is  'iMp|)or(ed  by  niMiiy  <'oinpetent  au- 
(liorili«-<;  Inil,  nlllionuli  there  wn>< 
iiHi'li  to  reejinmiend  it  from  a  srien- 
lifie  point  of  vi«'W.  it  was  found  to  be 
infpraet  iealiie  nn  aeeonnt  of  the  many 
diserepnneii's  whidi  would  occur  be- 
tween time  by  the  clock  :ind  solar 
time.  The  s.\sien»  which  found  most 
favor*,  and  was  linally  adojited.  pro- 
posed the  division  of  the  country  into 
four  time  sections,  e.-icli  of  1."i  de::rees 
longitude  (  7 '  J  de«:rees  «u*  IM)  minutes 
on  each  side  of  the  in«'ri<liaii  i .  <-oiri- 
niencinir  with  tin*  T.'ilh  iueridi;ni.  In- 
s}<}c  viuh  ni  tlicsc  .sectiouss  time  was  (•> 


I 


l)e  uniform,  the  time  of  each  seotiu.) 
dififering  from  that  next  to  it  by  i^x- 
a<'tly  one  hour.  A  scheme  was  drawn 
up  in  accordance  with  these  prineipK 
and  at  a  meeting  of  the  conveution 
held  in  Ai>ril.  18S.S.  the  following  r^^ 
lutions  were  adopted : 

(1.)  That  all  roads  now  usin^  B<>- 
ton,  New  York,  Philadelphia.  Balti 
more.  Toronto,  Hamilton,  or  Wash- 
ington time  as  standanl.  based  ui^od 
meridians  east  of  those  points  or  ad- 
jacent thereto,  shall  l>e  governed!  !•>  tli»' 
7i>th  meridian  or  Eastern  time  «4  min- 
utes slower  than   New   York  timi>.i 

(2.)  That  all  roads  now  usimr  ('«»- 
liimbus.  Savannah.  Atlanta.  (^iii<-iii- 
nati.  Louisville,  Indianapolis.  Chuaso. 
.leflFerson  City,  St.  Paul,  or  Kansas 
City  time,  or  standards  based  ui>f'» 
meridians  adjacent  thereto,  shall  '"' 
run  by  the  0<>th  meridian  time.  t«>  l*^ 
<*alled  (\»ntral  time,  one  hour  sIowh* 
than  Eastern  time  and  0  minutes  slow- 
er than  ('lii(*ago  time. 

i'St.)  That  west  of  the  al>ove-nani»d 
sections  the  roads  shall  b*^  run  hy  fh»* 
lontb  and  the  12()th  meridian  tim.'^ 
respectively,  two  and  ihn^  htuir< 
slower  than   Eastern   time. 

(4.)  Tliat  all  changes  from  one  hour 
standard  to  another  shall  b<'  made  at 
the  termini  of  roads  or  at  the  emls  uf 
divisi(uis. 

The  advantages  of  this  methwl  oi 
reckoning  time  are  obvious.  Evor*' 
town,  instead  of  regulating  its  biisiiu^'j 
by  its  own  local  time,  uses  the  t inn*  of 
the  nearest  of  the  standard  meridian*- 
and  the  difference  in  time  in  actual  us*' 
in  any  two  cities  will  be  an  exact  mini; 
her  of  hours,  instead  of  a  nuuilHT  I'f 
hours,  minutes  and  swonds.  A  trav- 
eler, tln»refore,  wishing  to  reset  hi?' 
walih.  need  only  change  the  hour, 
without  paying  any  attention  to  th«* 
ininut«'s.  Having  proceeded,  f.  P* 
from  N«'w  York  to  any  town  witlii" 
the  t'entral  time  zone",  he  has  simply  . 
to  set  his  watch  one  hour  slow  of  N***'  I 
York  time,  and  need  not  <H>mi>are  i'  1 
with  any  of  the  local  clocks.  1 
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SUBMARINE  TELEGRAPHS.* 


The  submarine  tel^miphs  of  the 
world  number  1,815.  Their  aggregate 
length  is  nearly  221.292,441  miles; 
their  total  cost  is  estimated  at  $300.- 
000,000,  and  the  number  of  messages 
annually  transmitted  over  them  at 
more  than  6,000,000.  All  the  grand  di- 
visions of  the  earth  are  now  connected 
by  their  wires,  and  from  countrj'  to 
country  and  island  to  island  the 
thoughts  and  words  of  mankind  are 
instantaneously  transmitted.  Darkest 
Africa  now  converses  daily  with  en- 
lightened Europe  or  America,  and  the 
great  events  of  the  morning  are  known 
in  the  evening  throughout  the  inhabi- 
ted world.  In  August,  1902,  authority 
was  granted  to  the  Commercial  Pacific 
Cable  Company  of  the  United  States 
to  construct  a  cable  line  from  the  Pa- 
cific coast  of  the  United  States  to  the 
Hawaiian  Islands,  Guam,  and  the 
Philippine  Islands,  and  the  Asiatic 
coast,  with  a  branch  line  to  Japan. 
The  first  message  was  sent  over  it 
July  4,  1903. 

The  British  Pacific  cable  was  com- 
pleted on  October  31st  and  was  opened 
for  traffic  on  December  8th,  1902.  The 
cable  is  "all  British,'*  and  runs  from 
Vancouver,  on  the  west  coast  of  Can- 
ada, to  Fanning  Island,  Fiji,  and  Nor- 
folk Island  in  the  Pacific,  and  thence 
by  means  of  two  cables  to  New  Zea- 
land and  Queensland  respectively.  Its 
total  length  is  about  7,800  miles. 

The  developments  in  the  construc- 
tion, laying  and  operating  of  subma- 
rine cables  and  in  their  availability  for 
general  public  use  have  quite  kept  pace 
with  their  extension  throughout  the 
civilized  world.  From  a  mere  gutta- 
percha coated  wire  the  submarine  con- 
ductor of  electricity  has  developed  in  a 
half  century  into  a  great  cable  having 
a  central  copper  core  surrounded  by 
numerous  layers  of  non-conducting 
material  and  protected  by  a  steel  wire 
wound  spirally  about  it,  and  in  turn 
further  protected  by  waterproof  and 
insect-proof  wrappings.  From  a  steam- 
er-towed ocean  barge  the  faciliti«*8  for 
laying  have  developed  to  a  fleet  of 
nearly  fifty  steam  vessels,  with  every 
facility  for  laying,  picking-up.  spllfing, 
and  repairing  the  cable  lines.  From  a 
speed  rate  of  three  words  per  minute, 
which  was  made  on  the  first  trans- At- 
lantic cables,  the  speed  of  transmission 
has  been  accelerated  to  fifty  words  per 
minute,  and  even  more  than  that,  with 


the  automatic  transmitters  now  coming 
into  use  with  cable  lines,  while  by  the 
duplexing  of  the  cables  their  carrying 
capacity  is  doubled.  From  a  cost  to 
the  sender  of  $100  per  message,  which 
was  originally  charged  on  the  first 
trans-Atlantic  cables,  the  rate  from 
New  York  to  I^ondon  and  the  great 
cities  on  the  continent  of  Europe  has 
fallen  to  25  cents  per  word.  From 
several  hours  required  for  the  trans- 
mission of  a  message  and  receipt 
of  a  response,  the  time  has  been  so  re- 
duced that  messages  from  the  Execu- 
tive Mansion  to  the  battlefield  at  San- 
tiago were  sent  and  a  response  received 
within  twelve  minutes,  while  a  message 
sent  from  the  House  of  Representa- 
tives in  Washington  to  the  House  of 
Parliament  in  London  in  the  chess 
match  of  1808  was  transmitted  and  the 
reply  received  in  thirteen  and  one-half 
seconds. 

The  effect  of  this  ready  and  inexpen- 
sive method  of  transmitting  thoughts 
and  words  from  continent  to  continent 
throughout  the  civilized  world  is  ap- 
parent in  the  rapid  development  of  in- 
ternational commerce  since  it  began. 
The  first  successful  cable  line  between 
the  United  States  and  Europe  was 
put  into  operation  in  186<J.  In  that 
year  our  commerce  with  Europe 
amounted  to  $<^S2,232,289 ;  in  1876,  to 
$728,0.j9.053  :  in  1880,  to  $898,911,- 
.504:  in  1896,  to  $1,091,082,874,  and 
in  1898,  to  $1.279,7.39,930,  while  our 
commerce  with  the  whole  world,  which 
in  18<><>  amounted  to  $783,67 l,r>88.  had 
by  1902  reached  the  enormous  sum  of 
$2,28r),000,000. 

During  the  last  seven  years  (Jer- 
niany  has  laid  7.375  miles  of  ocean 
cables,  at  a  cost  of  about  $6- 
OOO.fXK).  In  18f)8  a  cable,  73  miles 
long,  was  laid  between  Sassnitz  and 
Trelleborg.  and  German  Southwest 
Africa  was  conne<'tod  with  the  exist- 
ing cable  system  by  a  lino  l,=i4  miles 
long;  and  in  19()0  the  first  German- 
American  cable  was  laid  between  Em- 
den  «nd  New  York.  I»y  the  Azoi*e8.  a 
distance  of  4,813  miles.  Alioiit  the 
same  time  the  first  (ierman  cables 
along  the  Chinese  coast  were  laid ;  one 
of  these  was  from  Tsin-tau  (Kiao- 
chau)  to  Chifu.  28."^  miles  long,  and 
the  second  connected  the  former  place 
with  Shanghai  and  is  438  miles.  In 
1901  n  fifth  cable  connecting  Germany 
and   Kiiglnnd   was   laid,   as   well   as  a 


♦Prom  the  Summary  of  Commerce  and  Finance  for  July,  1902,     The  flirures  are  now  some- 
what larger. 
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telephone  cable  from  Fehmarn  to  La- 
land.  A  second  German  cable  to  New 
York  by  the  Azores  has  been  com- 
menced and  will  be  completed  before 
the  end  of  11K)4,  while  a  line  to  Vigo. 
1,300  miles  in  length,  has  been  made, 
(jermany  is  contemplating  an  extension 
of  her  cables  by  constructing  lines  be- 
tween Alenado  and  Guam,  in  the  Car- 
oline Islands,  and  the  Pelew  Islands 
and  Shanghai. 

An  International  Telegraph  Con- 
ference opened  in  London,  May  20th, 
1903,  all  the  States  adhering  to  the 
International  Telegraph  Convention 
being  represented.    The  Conference  re- 


vised the  rules  as  to  the  use  of  code 
and  cipher  language  in  international 
telegraphy.  The  decision  of  the  last 
Conference,  that  code  telegraphy 
should,  after  a  certain  date,  be  limiteil 
to  the  words  contained  in  the  official 
vocabulary  prepared  by  the  Interna- 
tional Telegraph  Bureau,  has  lieen  re- 
scinded. In  future,  any  combination 
of  letters  not  exceeding  ten  in  number 
will  be  passed  as  a  code  word,  providwl 
that  it  is  pronounceable  according  to 
the  usage  of  any  of  the  languages  to 
which  code  words  have  hitherto  been 
limited — namely,  English,  French.  Ger- 
man. Dutch,  Italian.  Spanish,  Portii- 


SITMMARY  OF  CABLED  OWNED  BY  GOVERNMENT  ADMINISTRATIONS. 

Partly  extracte<l  from  the  Official  Documents  issue*!  by  the  International  Bureau  of 
Telegraphic  Administrations,  Berne.  With  "The  Electrician's"  corrections  to  dat«  and 
additions. 


Country. 


Argentine  Republic. 

Austria 

Bahamas 

Belgium 

Brazil. 


British  Guiana 

British  India,  Indo-European  Telegraph  Department 

Government  Administration 

Bulgaria 

Canada 

Ceylon  and  In<Ha  (Joint) 

Chma 

Denmark • 

Dutch  Indies i 

France  and  Algeria 

France  ( We«t  Africa') 

French  Tnd<)-(^hinu  f  Cochin  China,  Tonquin,  and  Amoy) 

Cicrmany 

Great  Britain  and  Irelan<! 

Greece 

Holland 

Inter-Colonial  Syjsleiii 

Italy. 


Japan 

Macao 

New  Caledonia 

Now  South  Wales 

New  Zealand 

Norway 

Portugal 

(iuoensland 

Hus>ia  in  Europe,  and  the  Cauca««Jis. 

Russia  in  A-ia 

ScnoKal 

South  Australia 

Spain 

Swe«lcn 

Switzerland 

Tasmania 

Turkey  in  lOuropt*  ami  A.-^ia 

Victoria 

Wo-'tern  AuNtraliu . 


Total 

Jmliji}ing  half  of  CaMes  owne<l  jointly  with  «»ther  Administrations. 


No.  of 
Cables 

Length  in  Nautical  Miles. 

with  One 

or  More 

Of 

Of 

Cores. 

Cables. 

Conductors. 

13 

59.824 

138.544 

47 

224  250 

235.339 

1 

211.000 

211.000 

12 

64.514 

279.856 

23 

37.779 

66.414 

5 

84.000 

95.000 

157 

2,168.013 

1.711.885 

1 

0.538 

0.538 

26 

334.750 

334.750 

2 

66.300 

66.300 

1 

113.000 

113.000 

156 

171.100 

880.300 

7 

891.490 

891.490 

»56 

4,913.824 

5.847.200 

3 

1,567.238 

1.567.238 

2 

1,697.326 

1.697.326 

»89 

2.796.695 

5.654.977 

1  177 

2.265.830 

7.551.994 

46 

54.931 

54.931 

32 

241.543 

780.449 

5 

7,837.770 

7,837.770 

36 

1.063.088 

1,112.458 

103 

2.154.a83 

2,851.173 

1 

1.930 

1.930 

1 

1.000 

1.000 

147 

51.789 

108.459 

U) 

285.682 

290.466 

322 

291.4S9 

375 . 7.s7 

4 

115. a50 

iis.a'io 

19 

52.100 

67.520 

12 

328.282 

4as.aN7 

1 

70.157 

70.157 

1 

3.000 

3.000 

3 

49.360 

49.360 

15 

1.771.346 

1.771.346 

1  17 

208.488 

3a'i.431 

•> 

9.827 

13.400 

4 

4.750 

19.000 

21 

346.558 

368.734 

1 

4.500 

4.500 

1 

3.750 

3.750 

i.:rs 

32.609.748 

44.006.813 
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guese.  and  Latin.  Other  combinations 
of  letters  will  be  counted  at  five  let- 
ters to  the  word,  the  prohibition  of  let- 
ter cipher  which  has  hitherto  prevailed 
being  removed.  These  alterations,  to- 
gether with  a  number  of  other  changes 


in  the  detailed  regulations,  take  effect 
on  July  1st,  1904.  The  above  informa- 
tion is  taken  from  Reports  of  the  Bu- 
reau of  Statistics,  Department  of 
Commerce  and  Labor,  and  HazelKs 
Annual. 


SUMMARY     OF    CABLES     OWNED     BY    PRIVATE    COMPANIES. 


Private  Companies. 


African  Direct  Telegraph  Company 

Amazon  Teleinttph  Company 

Anglo-American  Telegraph  Company 

Black  Sea  Tel^craph  Company 

Cana^lian  Pacific  Kailroad  Company , 

C-entral  and  South  American  Telegraph  Company 

Commercial  Cable  Company 

Commercial  Pacific 

Comi)agnie  Francaine  des  C&hle»  T(^l<^graphiques 

Cuba  Submarine  Telegraph  Company 

Deutsch  AtlantiHche  Telegraphen-Cie.<4elWhaft 

Deutsche  See-TelMraphen-OescUschaft 

l>irect  Spanish  Telegraph  Company 

Direct  Lnit^d  States  Cable  Company 

Direct  Went  India  Cable  Company 

Eaotem  Telegraph  Company 

Kastem  Extension.  Australa'^ia  and  China  Telegraph  Company. 

Europe  aad  Azores  Telegraph  Company 

Katftem  and  South  African  Telegraph  Company 

(ireat  Northern  Telegraph  Company 

Halifax  and  Bermuda  Cable  Company 

India  Rubber,  Gutta  Percha  and  Telegraph  Works  Company.  . 

I  ndo- European  Telegraph  Company 

Mexican  Telegraph  Company 

Pacific  and  European  Telegraph  Company 

River  Plate  Telegraph  Company 

South  American  Cable  Companv 

Sj»anish  National  Submarine  Tel^raph  Company 

L  niteii  States  and  Hayti  Telegraph  and  Cable  Company 

West  African  Telegraph  Company 

West  Coast  of  America  Tel^q^ph  Company 

West  India  and  Panama  Telegraph  Company 

*  Western  Telegraph  Company 

Western  Union  Telegraph  Company 


No.  of 

Cables 

with  One 

or  More 

Cores. 


10 

15 

14 

1 

9 

15 

11 

4 

32 

10 

3 

1 

3 

2 

2 

139 

34 

2 

14 

28 

1 

2 

3 

3 


Total. 


•    «    •   • 


Length  of 

Cfl^les 

in  Nautical 

Miles. 


.000 
.000 
.660 
.147 
.940 


3,031 

1.326 

9.507 

337 

53. 

7.500.500 

13,212.310 

7,846.747 

12,102.423 

1,162.000 

6.057.868 

1.111.979 

723.460 

3,099.958 

1,265.300 

39.749.360 

24,802.240 

1,053.150 

9.068. 

7.003 

849 

137 

22 

1,529 


.052 
.000 
.960 
.678 
.000 
.000 


3 

138.000 

2 

2.065.224 

1 

927.770 

1 

1.389.000 

6 

1,470.867 

7 

1.975.100 

24 

4.639.000 

27 

17.283.000 

8 

7.351.000 

437 

188.682.693 

1  Including  London  Platino-Brazilian  and  Montevidean  ami  Brazilian  Com()anies. 


GENERAL     SUMMARY. 


Ownership. 


Government  Administrations. 
Private  Companies 


Total. 


No.  of 

Cables 

with  One 

or  More 

Cores. 

1.378 
437 


length  of 

Cables  in 

Nautical 

Miles. 


32,609.748 
188.682.693 


\,^\^       \   7a\ ,*»«.. VW 


—Electrical  TTad«%  Dwdom. 
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MISCELLANEOUS    INFORMATION    PERTAINING    TO    SUBMARINE    TELEGRAPH 
LINES,   THEIR   CONSTRUCTION    AND   OPERATION.    3902, 

LsMsth  ol  fint  nUGcanifu)  enbls, 

nSfflwL 

Lancth  □!  fint  ruwcMful  Atlut- 


Leuth  of  direct  United  SUtsi 
able  {BaUiiukellin  B>y.  Ir«- 
buid.  In  HHlifax.  Nova  ScotiB). 


Fnnce.  to  Cape  Cod 

and  to 

DbitaOM  trnm  Manila  to 

Depth  or  Atlantic  cable  li 

t».reet. 

h...  been  Taid,  betwee 

r.  Haiti 

2,134 


3.250 

s.Ofte 

3,040 


FraDCiBCu  and  Hawaii,  f 
and  Msnila  (eatimateJ).  fe 


cable 


...                        »1,7S0,( 

Contract  pries  of  cable  for  fint 

AlUotieline )1.12£.i 

■ucnwiui  AtUntie  wble  line. .  (3,000.1 
Premit  coat   per  mile  of  cable 

(•HimatB  by  Brishl) » 

Coat  of  laying  per  mile,  average . .  S. 


Present  rate  by  autntnatie  tyr- 
Increaasd  ktw  ol  wire  by  duplex- 


Number  of  c»bk>i  l> 

North  Atlanlic.  .. 

Number  now  workio 


Lenjrth  of  leleKraph  ci 


«tbs 


CuHt  of  cable  linea  of  the  world 

{eatimateby  Bright) » 

CoHt  ot  land  line,  ol  the  worid 

leslimatflby  Bright) *: 

Total  length  of  lele«niph  wires, 
land  and  cable  (nlunalc  by 

,        BriKht).mile» 

!    Number  of  cable  me«aM  sent 
annually  (estimate  by  Bright ). 


field  ai 


9.  Waahini 


matchof  1SS8.  MW 
Number    of    eab1« 

l^DHlh     of     cables 

Number  of  Fables  owned  by  pri- 

LenKlh  u(  cables  owned  by  pri- 

LongMI  sinide  line  without  inter- 
--'--    landing.  mUei 


2.300. ono 
g.ooo.Doo 


by 


THE  CABLE   ALPHABET. 
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SUBMARINE  CABLES  AND  INTERNATIONAL  DATE  LINE. 


The  Interaatipnal  Date^  Line  is  an 
imajirinary  line  drawn  through  the  Pa- 
cific Ocean  irregularly,  but  trending 
generally  in  a  north  and  south  direc- 
tion. The  islands  of  the  Pacific  Ocean 
are  separated  in  such  a  way  that  all 
those  which  lie  to  the  east  of  it  carry 
the  same  date  as  the  United  States, 
while  all  those  on  the  west  of  it  use 
the  same  date  as  Japan  and  Australia. 
Our  map  on  pages  190  and  197  shows 
this  date  line. 


The  submarine  cable  connections 
that  are  marked  with  letters  represent 
the  telegraph  cables  that  are  owned 
and  operated  by  sovereign  states. 
Those  that  are  marked  with  numbers 
represent  telegraph  cables  that  are 
owned  and  operated  by  private  com- 
panies. The  explanation  of  the  names 
of  the  countries  that  the  letters  rep- 
resent and  of  the  names  of  the  com- 
panies that  the  numbers  stand  for  is 
subjoined : 


A.  Austria. 

B.  Belgium. 

Br.  Great  Britain. 

C.  China. 

C.  C.  Cochin  China. 


D. 
F. 


Denmark. 
France. 


OOVEBNIiiENTS. 

G.  Germany. 

Gr.  Greece. 

I.  Italy. 

J.  Japan. 

M.  Mexico. 

N.  Netherlands. 

PRIVATE   COMPANIES. 


Sw.     Sweden. 

T.        Turkey. 

U.  S.  United  States. 

P.        Portugal. 

R.       Russia. 

S.        Spain. 


1.  laired  Spanish  TelMjaph  Company. 

2.  Halifax  and-Bermuda  Cable  Company. 

3.  Spanish  National  Submarine  Telegraph 

W«rst  African  Telegraph  Company. 
Black  Sea  Telegraph  Company. 
Great  Northern  Telegraph  Company. 
Eastern  Telegraph  Company. 
ELastem  and  South  African  Telegraph 

Company. 
E^astem     Extension,    Australasia,     and 

China  Telegraiih  Company. 
Anglo-American  Telegraph  Company. 
Direct  United  States  Cable  Company. 
Compagnie  Frangaise  des  C&bles  T(^l<5- 

grapniaues. 
Western  Lnion  Telegraph  Company. 

14.  The  Commercial  Cable  Company. 

15.  Brazilian   Submarine   Telegraph   Com- 

pany. 


4. 

5. 

r.. 

7. 
S. 

9. 

10. 
11. 
12. 

13 


16.  African  Direct  Telegraph  Company. 

17.  Cuba  Submarine  Telegraph  Ccnnpany. 

18.  West    India    and    Panama    Telegraph 

Company. 

19.  Deutsche  See-Telegraphen-Geeellschaft 

20.  Western    and   Brazil   Telegraph  Com- 


21. 
22. 


pany. 
River  Plate  Telegraph  Ccmipany. 


Mexican  Telegraph  Company. 

23.  Central  and  South  American  Telegraph 

Company. 

24.  West  Coast  of  America  Telegraph  Com- 

pany. 

25.  South  American  Cable  Company. 

20.  Europe  and  Azores  Telegraph  Company. 

27.  United  States  and  Hayii  Telegraph  and 

Cable  Company. 

28.  Direct  West  India  Cable  Company. 

29.  The    Pacific    Commercial  Cable  Com- 

pany. 


WIRELESS    TELEGRAPHY. 


Wireless  telegraphy  is,  in  theory, 
closfl.v  allied  to  heliography,  or  signal- 
ing with  flashes  of  light.  The  light 
used,  however,  is  produced  electrically 
and  is  invisible  to  the  naked  eye,  owing 
to  the  fact  that  it  is  made  up  of  very 
long  waves,  called  Hertzian  waves, 
which  vibrate  too  slowly  to  affect  the 
retina.  The  eye  can  only  discern 
waves  which  make  from  4,(XX)  billions 
to  7,0<X)  billions  vibrations  per  min- 
ute. However,  the  Hertzian  ray  re- 
sembles light  in  that  it  can  be  reflected 
by  a  metallic  plate  and  can  be  refract- 
ed by  a  prism  of  pitch,  can  be  brought 
to  a  focus  with  a  pitch  lens,  and  may 
be  polarized.  Owing  to  the  great 
length  of  the  Hertzian  waves,  almost 
all  substances  are  transparent  to  them. 
The  Hertzian  waves  were  discovered 
by  Professor  Heinrich  Hertz,  a  young 


German  philosopher,  during  his  ex- 
periments with  the  spark  discharge  of 
Leyden  jars  and  of  the  Ruhmkorff  coil 
in  1886  and  1887. 

He  found  that  when  a  spark  leaped 
the  gap  between  the  terminals,  electric 
oscillations  took  place  in  these  termi- 
nals which  set  up  magnetic  waves  in 
the  surrounding  space,  capable  in  turn 
of  setting  up  similar  oscillations  in 
any  adjacent  conductor  lying  at  an 
angle  to  them.  The  waves  were  detect- 
ed by  using  a  "resonator,"  which  was 
mer»^ly  a  circle  or  a  rectangle  of  cop- 
I)er  wire  formed  with  a  gap  in  one  side. 
When  the  induction  coil  was  in  opera- 
tion and  the  resonator  was  held  near 
the  coil,  a  tiny  stream  of  sparks  would 
leap  across  the  resonator  gap.  To  bet- 
ter understand  this  phenomenon  take 
as  a  crude  example  1>no  n^x\.vi^\  xq^'^ 
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in  B  pool  of  WRtcr  and  on  rmk  a  float 
free  to  slirlc  vvrlii'ally  on  the  roil. 
Now.  if  one  of  Mie»e  Boats  be  moved 
up  ami  iluivn  u]>on  ils  rod,  it  produops 


.jfcA'rr^ 


it  to  oscillate  up  and  down,  juiit  as  tin' 
niiienetic  waves  produce  electric  v 
dilations  iu  Ibe  resoDHtor. 

Williout  going  into  a  Jetallvd  lit- 
tor  J  of  (tie  development  of  wirelMi 
I<>legrapb.v  from  Ilerli's  eiperimeDtl,  ii 
may  lie  Binted  that  the  esHential  diStr- 
pnce  Iwtween  the  apparatus  unrd  bv 
Ilerti  in  his  eiperimeniB  and  the  an* 
i>ral  xyBtems  now 
iu  the  iweiver. 
Iiraclicnily  the  a 
railed  the  antenna  Is  eonneoted  to  ow 
terminal  of  the  coil,  and  llie  other  ter- 
minal is  connected  with  llie  earth,  ibe 
■rease  the  electrii-iil 


Tlie    tra 


'illatio 


iby  n 


r  ordinarily 


- coil,  they  i 

]>roituced  bj'  a  ilynamo  and  a  sten^uii 
transformer  eicept  for  teleftraimiii! 
over  short  distaiifea.  But  even  "■iih 
ihrae  changes  we  wuuld  not  be  alile  in 
leleiiraph  over  any  appreciable  diat.iiirT 
if  dejiendeut  upon  the  Herlx  resiin.H'ir 
for  receiviiiK  a  messagi',  (or.  oning  to 
the  fact  that  the  waves  aprcnd  out  iii 
nil  diret.'lions  from  tbc  transmillinc 
nntennn.  the  receiving  antenna  is  aKnl 
upon  h.v  a  very  small  proimrlion  ui" 
the  power  expended  hy  tlie  transmitttr. 
nnil  tliin  proportion  decreases  very  rai>- 
idly  HH  tlie  dititanee  Iwtween  the  irnns- 
nilttcr  and  the  receiver  incrensi^s.  Iii 
order  then  to  delect  the  rays  at  loiiB 

ralhil  tile  "i-oherer"  lias  l«'i'n  invi-ni- 
ed.  'Hie  coherer  in  itn  nsiinl  funu 
conHislK  of  .1  glass  tnlie  with  tw<i  met^il 
pisriiiis  fittt'd  therein  between  wlii.h  -.i 
<imiii1ity  of  nli'kel  filings  is  plai'ni. 
Tlie  latter  forms  an  imperfiicl  rl«lri- 
cal  t-oiilact  between  the  piHtons.  ainl 
tnki's  the  place  of  tbe  spark  gap  in 
tlie  rci-eiving  antenna.     When  the  ns- 

llii'  lliTtzinn  waves,  due  to  tbeir  higb 
liri'ssiiri'  or  voltage,  they  break  throujli 
ilic  iniiM'rfect  contact  of  the  coherer. 
i-niiKiiiu'  the  lllinga  therein  tu  cohere  ur 
•ilrin::  togerlier  and  thus  prodnce  ■ 
niiii'li  lietler  ele<'lric  path  through  ih'' 
iiilii'ii'r.  The  action  is  micro»(Tipi<' 
iiiid  cnnniit  \iv  detected  with  (he  nakeil 
••}■':  lliiivi'ver,  the  coherer,  aside  froai 
lii'injc  i\  iinrt  of  the  antenna  circuit.  i> 
.ihii  iiiiidf  n  iiart  of  a  local  liailerv  i-if- 
iiiii.  ivhicli  contain*  a  telegrapti  n- 
I  riviT,   mid   whenever  the  elei-trlc  o«- 


fur    the    local    circnit,  tbt 
-irument  will  be  enentiwd 
I    buttery   only.      In   order    I 
>■  path  after  the  owillatlonn 
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eased,  or,  in  other  words,  to 
.he  filings  to  decohere,  they  are 
itly  jarred  apart  by  means  of 
ipper,"  which  is  in  reality  an 
bell  with  the  gong  removed 
e  clapper  striking  the  coherer 
stead.  Carbon  granules  may  be 
iited  for  metallic  filings,  and  in 
se  no  tapper  is  necessary,  the 
-  being  self-restoring, 
transmitting  messages  a  tele- 
cey  in  the  primary  circuit  of  the 
on  coil  is  operated  according  to 
lal  Morse  code,  and  this  causes 
to  leap  the  spark  gap  at  corre- 
\g  intervals.  These  signals  will 
e  transmitted  by  the  Hertzian 
to  the  receiving  station,  where 
ill  be  recorded  by  the  telegraph 


i 


SPARM 

'  }P 


TRANSMITTING  KEY 


>UNO 


TRANSMITTEB. 

r.  The  coherer  is  not  by  any 
the  only  wave  detector  in  use. 
wireless  telegraph  company  has 
more  different  types  of  detect- 
t  for  the  most  part  they  are  all 
m  the  principle  of  the  imperfect 
:.  Marconi's  "magnetic  detect- 
a  notable  exception.  The  pros- 
arts  of  inventors  in  the  field  of 
s  telegraphy  are  directed  mainly 
development  of  a  system  which 
»t  allow  one  equipment  to  inter- 
ith  or  suffer  interference  from 
ler  equipment.  This  is  essential 
;r  to  prevent  unauthorized  per- 
om  intercepting  and  reading  the 
es.  They  aim  to  effect  this  re- 
F  synchronizing  or  tiininp  the 
itting  and  receiving  stations  so 
ley  will  give  oscillations  and  re- 
to  OBcillatioDs  of  a  certain  pe- 


•riodicity  only.  Up  to  the  present  time 
these  efforts  have  met  with  only  par- 
tial success. 

PRINCIPAL       SYSTEMS       OF       WIRELESS 
TELEGRAPHY. 

T 

The  best  known  systems  of  wireless 
telegraphy  in  the  United  States  are  the 
Marconi,  the  De  Forest  and  the  Fes- 
senden  systems,  and  one  or  two  sys- 


I 


COHERER 


LOCAL 
CIRCUIT 


'mM^-pSl— 


BATTERY 


TELEPHONE 


GROUND"^ 

RECEIVER. 

terns  used  by  the  Government.  In 
England,  aside  from  the  Marconi  sys- 
tem, are  the  Lodge-Muirhead  and  the 
Orling-Armstrong  systems.  The  Slaby- 
Arco  and  the  Braun-Siemens-IIalske 
systems  are  used  in  Germany.  In 
France,  Branley,  Rochefort,  Tissot 
and  Captain  Ferrie  have  made  impor- 
tant developments,  and  in  Russia  Po- 
poff  early  invented  a  system  very  simi- 
lar to  that  of  Marconi. 

THE   MARCOr^I   SYSTEM. 

The  Marcom  system,  ^^^^\q.^^^  \ii 
Signer   GugUeVmo  ^\«iTco\i\,  «.  iw«i% 
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Italinn  Inventor,  in  the  pionwr  bj-b- 
lem  of  Hertilan  wave  (eWraphy.  In 
1896  ManoEil  atxputed  an  iiivitatian 
from  the  British  TeleKrapb  Dejiart- 
ment  to  make  esperimenta  with  his 
sj-Blem  in  Eiif-lautf.  In  the  apritig  i>t 
18»»  the  lirat  wirelem  mPRsnge  was 
t  ranamitleil  acroM  the  Engiixb  diaiinpl. 
On  NovMnlMT  15.  IHIO.  the  firHt  dally 
newBpuiipr  ever  piihliHhed  on  ati  At- 
tantlr  liner  wbh  twuisl  oo  (he  steamer 
St.  I'aul,  TOntoining  news  trBastnitleii 
from  shore  hy  wirelnta  teleftraphy.  It) 
inX)  the  syxtFin  was  Hdoiiled  bv  the 
tiriliah  AJmiralty  ami  installed  on 
t-heir  lulIlrHhips  and  cniiBera.  On  De- 
cember 12.  liXIl,  Marconi  Burceeded  in 
sendini!  the  aicnnl  for  the  letter  "S" 
aerosn  the  Allaniic  from  Toldhn.  Corn- 
wall, lo  i<t.  .Tohn'i.  XewFuundland. 
But  bia  experiments  were  inlerrupteil 
by  a  rable  cnmpan?  which  owned  a 
monopoly  of  all  telegraph  communlra- 
tSoni  with  .N'eu-founillAnd.      In  March, 


in02,  Mareoni  erosaed  the  Atlsntir  on 
the  "t'hiladelphia."  wbirh  bad  been 
equipived  with  bis  iiiRlmmenta,  and 
was  able  to  reeeire  IntellEgible  me*- 
sajces  at  a  ilistanre  of  l.-'iol  miles  trom 
the  Toldhn  alntion.  In  Oc-toher  o(  ihf 
same  year  Msrcuiii  sailed  from  Ed|- 
hind  to  Nova  Srotia,  and  rereiviHl 
messuKeti  fi^m  bia  Poldhn  staiioo 
thtDiiKhout  tlie  voyaBe.  On  Janunir 
IS.  Iflon,  the  firat  wlreleio  mesBp! 
from  the  T'nlted  Rtntea  to  Englaod 
was  wnt  by  Preaident  Rooaevell  in 
King  Edward.  In  Man-h.  1003.  the 
Marroni  Company  undertook  to  fur- 
nish the  I*ndon  "Times"  with  dail.r 
wireless  deapalfbes  from  the  Failed 
States,  but  tbey  were  disrontinunt 
after  a  eoupie  of  despalcheB  bad  been 
sent.  The  Italian  Government,  in 
inns,  voted  |lfiO,00(l  tor  the  ereolion 
oE  a  Marroni  station  in  Italy  to  eoai- 
iiinnienlB  with  this  country. 


STATIC 

\S     EQUIPPED     WITF 

MARCONI     APPARATUS. 

Cu 

'                       Idcatl'in. 

1                    Operated  by 

wr 
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On  the  preceding  page  is  a  list  of 
stations  equipped  with  Marconi  ap- 
paratus and  operated  under  arrange- 
ment with  stations  owned  and  con- 
trolled by  Marconi  Wireless  Telegraph 
Company  of  America  and  affiliated 
Marconi  companies. 

There  are  also  wireless  telegraph 
stations  e<iuipped  with  Marconi  anpa- 
ratus  and  oi>erated  by  the  British  Gov- 
fmment  at  Bermuda,  Gibraltar  and 
Malta. 

The  following  is  a  list  of  wireless 
telegraph  offices  on  shore  owned  and 
controlled  by  Marconi  Wireless  Tele- 
graph Company  of  America  and  af- 
filiated Marconi  companies: 
Babylon Long     IMand,    New    York, 

r.  S.  A. 

Belle  Isle. Gulf  of  8t.  I^wrence.Canada. 

Chateau  Bay  .  .  .Canadian  I^brador. 
Cmokhaven  .  ..  .  County  Cork,  Ireland. 

Fame  Point Province  Quebec,  Canarla. 

Heath  Point Province  Quebec,  Canada. 

Liverporjl I^noaMhire,  England. 

Lixard  Point.  . .  .Cornwall.  England. 

New  York  City.  .Pier  14,   North  River,  New 

York  City,  V.  8.  A. 

Niton    Isle  of  Wight,  Enjclaml. 

North  Forelanii.  Kent,  England. 

R(to«r*lare County  Wexford,  Ireland. 

Safcaponack Long     Inland,     New     York, 

U .  is.  A. 
8iaj<con.<<et Nantucket    Island,    Massa- 

chuxettn.  V.  S.  A. 
South  W^ellfleet.  .Cai)e    C<h\,     Maiwachuttett;*, 

U.  S.  A 

The  following  points  are  in  course 
of  construction : 

Can.'«o Nova  Scotia. 

Cape  Ha<'c Newfoundland. 

Point  Amour.  .    .Canadian  Labrador. 
Sable  Island.  .  .  .Canada. 

The  following  is  a  list  of  Transat- 
lantic liners  e<iuipped  with  Marconi 
Apparatus : 

Allan  Li  vk. — Bavarian, Parisian,  Tuniman. 

AMKRir^.s  Link. — New  York,  Philadel- 
phia, St.  lx)ui».  St.  Paul. 

Atlantic  Transport  Link. — Minneapolis, 
Minnehaha.  Minnetonka. 

Compagnik  (iKNERALR  Transatlantiqt'k. 
--La  RrctoKne,  I.*a  Champagne,  La  Ix>rraine, 
l^  Savoie,  \m.  Touraine. 

Cc'NAKn  Link. — Aurania,  Campania,  Car- 
pathia.  Etruria,  Ivernia,  Lucania,  Pannonia, 
Saxonia,  I'mbria. 

HAMHrRr;-AMKKirAN  Link. — Aupiste  Vir- 
toria.  Blucher,  Deutschland,  Ffirst  Bis- 
marck. Moltke. 

HoLLANr»-.\MFRirAN  Li.NK.* — Amstordani, 
Maa'itlam,  Noordam,  Potsdam,  Bhyndain, 
Hottenlam,  Statendam. 

Italian  Royal  Mail  Link. — Lombardia, 
Sarfleima. 

North  German  Llotp  Line. — (Irot«.<er 
Kurfurst,  Kai!«er  Wilhelm  der  (irf>w«e,  Kniser 
'Wilhclm  II.  Kaifierin  Maria  Therexia,  Kron- 
prinz  Wilhelm. 

Red  Star  Line. — Finland,  KnK)nlan<l, 
Vaderland,  Zeeland. 

*In  course  of  equipment. 


AH  commissioned  ships  of  British 
and  Italian  Royal  Navies  are  equipped 
with  the  Marconi  apparatus. 


TUE   UE   FOBEST   SYSTEM. 

Tlie  Aineri<'an  I>e  Forest  Wireless 
Telegraph  Company  has  developed 
from  the  inventions  of  Dr.  Ijee  de  For- 
est, a  young  Yale  graduate.  His  system 
differs  from  that  of  Marconi  chiefly 
in  the  receiver.  At  firs(  an  instrument 
called  the  "anti-coherer,"  or  "respond- 
er,**  was  used  in  place  of  the  coherer. 
The  action  of  this  instrument  was  just 
the  reverse  of  the  <*oherer,  that  is,  a 
good  path  was  normally  provided  for 
the  local  circuit,  but  this  imth  was 
broken  by  the  electric  oscillations  in 
the  antenna.  The  anti-coherer  was 
later  replaced  by  another  instrument, 
which  acta  ele<'trolytically  to  a  large 
extent.  This  instrument,  like  the  co- 
herer, normally  offers  a  resistance  to 
the  current  in  the  Iwal  circuit,  but  this 
resistance  is  broken  down  by  the  elec- 
tric oscillation.s  in  the  antenna.  An- 
other diffcr«»nce  between  the  systems 
li€*s  in  the  fa<'t  that  the  I>e  Forest  com- 
pany uses  a  telephone  re<*eiver  in  the 
local  circuit  instead  of  the  telegraph 
re<*eiver  for  re<'eiviiig  the  signals.  Sig- 
nals by  the  l.)e  Forest  system  can  be 
traiLsinitted  at  the  rate  of  twenty-five 
to  thirty  words  iM*r  minute.  The  De 
Forest  Company  has  established  a 
score  of  stations  along  the  Atlantic 
coast,  and  several  along  the  Great 
Lakes.  I^te  in  11X«  the  De  Forest 
Company  entered  into  a  contract  with 
the  Ivondon  "Times"  to  furni.sh  news 
of  the  Kusso-.Tn|)ain^e  war.  The 
steamer  "Haimun*  was  e4iuipi)ed  with 
wireless  telegraph  apparatus,  and  ren- 
dere<l  valuable  service  in  rei)orting 
naval  operations  and  engagements. 
Thwe  rejwrts  were  sent  by  wireless 
telegraphy  to  Wei-liai-Wei  and  thence 
by  cable  to  London.  In  July,  1004, 
the  I'nited  Stales  (Jovernnient  closed 
a  contract  with  the  Dp  Forest  Com- 
pany for  a  series  of  stations  in  the 
West  Indies  and  Panama.  These,  it 
is  stated,  are  to  form  links  in  a  chain 
of  De  Forest  stations  which  will  con- 
nect New  England  with  .Japan.  China 
and  the  riiilippines.  Tlie  chain  is  to 
follow  the  Atlantic  coast  to  Key  West. 
and  thence  run  via  Porto  R'uxi  to 
Panama.  From  Panama  it  will  follow 
the  Pacific  coast  to  Seattle,  thence  via 
the  Aleutian  Islands  to  .Japan,  Wei- 
hai-Wei.  China  and  the  Philipi)ines,  re- 
turning   to     San     Francisco     through 
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of  the  contract,  commercial  messages 
are  to  be  interchangeable  between  all 
stations  equipped  with  the  De  Forest 
system,  whether  operated  by  the  Gov- 
ernment or  the  De  Forest  Company. 


The  following  is  a  list  of  wi; 
telegraph  stations,  equipped  wit 
Forest  apparatus,  and  now  con 
and  in  operation  for  the  transmi 
of  wireless  messages: 


Station. 


Buffalo 

Cape  Hatteras 

Chicago 

Cleveland 

Dallwi 

Fort  Worth 

Havana 

Highlands  of  Navesink 

Key  West 

New  York 

Providence 

Quo^e 

Louisiana  Purchase  Ex-  i 
position  Tower  (and  V 
0  other  stations) ) 

Springfield 

Toronto 

Washington 

Block  Island. 

Point  Judith 

Bocas  del  Toro 

Port  Limon 

Cape  Nome 

St.  Michael's 

Four  stations 

Farralone  Islands  (4  sta- ( 
tions) \ 

Wei-hai-wei 


Location. 


Operated  by 


New  York 

North  Carolina 

Illinois  (3  stations) 

Ohio 

Texas 

Texas 

Cuba 

New  Jersey 

Florida 

New  York  City,  42  Broadway . 

Rhode  Island 

Long  Island,  N.  Y 

St.  Louis,  Mo 


De  Forest  Company 


« ft 
•  ■ 


*  • 


• « 


Illinois 

Canada 

District  of  Columbia. 
Rhode  Island 


Panama.  .  . 
Co.sta  Rica. 
Alaska. .  .  . 


Artillery  Districts, 


Pacific  Coast 
China , 


Pnividehce  Journal  C>)mpai 

•  t  •  t  4  • 

United  Fruit  Company 
•  •  *  •  •  • 

Signal  Corps,  U.  S.  Army 


U.  S.  Weather  Bureau 
London  Times. 


The  following  steamers  are  equipped  with  De  Forest  apparatus: 


Steamer. 


Location. 


Operated  by 


Str.  Wolvin Great  I^kes !  I'.  S.  Steel  Corporation 

*'     HaimuM China  Sea I^ondon  Times 

Tug  Savage.  .  North  Atlantic  i><>rts B.  «fe  O.  Ry. 


The  following  De  Forest  stations  have  been  erected  or  are  in  coura 
erection : 


Station. 


Location. 


Massachusetts. 
WashinKton. .  . 
New  Jersey .  .  . 

Michigan 

Missouri.  ... 


Atlantic  City New  Jersey 

Baltimore Maryland. 

Boston.  . 

Cape  Flattery 

Cape  .May 

Detroit 

Kansas  City ... 

Lewes I  Delaware.  . 

MoV>ile '  .Mabama.  . 

NewhuTRh New  York. 

New  Haven Connecticut 

Port  Huron Michigan.  . 

PouKhkcepyie New  York . 

Seattle WashinRton 

Solalia Mi-isouri.  .  . 

(•uantunamo Cuba 

Panama Pan.ama.  . 

Pensafcla r[ori(la.  ... 

Porto  liico Wci^t  (\>a.-t. 

Azore-«  I-l:ui<l>  ( •)  St aii'>n^) 


Operated  by 


De  Forest  Company 


«  • 


r.  S.  Government 


Steamers. — Six  vcs'^els 


_        Ka»t  cm  Telegraph  and  Cabk 

of  i!ic>  rnitoil  States  Navy. 


3S  AND  PENNANTS  TO  BE  USED  IN  THE  INTERNATIONAL  CODE. 


I 


v^ 


Cr^ 


I 


M 


U 


!«> 


*CoDB  Flag"  and 

"ANSWERINO  PtWHAWT." 


When  lined  tm  the  "Code 
Flag  "  it  18  to  be  hoisted  under 
the  ennign. 


When  UMd  as  the  "An- 
swering Pennant"  it  ia  to  be 
hoisted  at  the  masthead  or 
where  beet  seen. 


N 


►- 


w 


1^^^ 

'F-- 


ii 


To  op«n  roniiiiunioktion  by  the  old  Codf, 
«how  the  eMifn  with  thf  pennant  under  it. 


n?^ 


^ '' 
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ERNATIONAL  WIRELESS  TELEGRAPHY  CONFERENCE. 


ount  of  the  rival  systems  in  use 
>uiitry  and  the  different  eoun- 
!]uro|>e,  it  was  decided  to  hold 
lational  conference,  at  which 
lid  be  formulated  to  control 
;*he  conference  met  at  Berlin 
jt.  1U()3.  The  following  rules 
pte<].  applying  to  the  exchange 
f^es  between  vessels  at  sea  and 
tions : 

xed  station  whose  field  of  ac- 
?nds  to  the  sea  is  styled  a 
tion. 

stations  are  bound  to  receive 
nsmit  telegrams  originating 
intended  for  vessels  at  sea 
any  distinction  of  wireless 
I  system  used  by  the  latter, 
icting    parties    shall    publish 


any  technical  information  likely  to  fa- 
cilitate or  expedite  communication  be- 
tween coast  stations  and  ships  at  sea. 

The  wireless  station  must,  unless  it 
should  be  absolutely  impossible,  accept 
in  preference  requests  for  help  that 
may  come  from  vessels. 

The  service  of  wireless  telegraph  sta- 
tions must  be  organized  as  far  as  prac- 
ticable so  as  not  to  interfere  with  the 
service  of  other  stations. 

The  protocol  was  signed  by  the 
Tnitcd  States,  Germany,  Austria, 
Spain,  Fran<'e  and  Russia.  Great 
Britain  and  Italy  were  unable  to  sign. 
The  general  feeling  of  the  conference 
was  decidedly  against  monopolization 
of  the  wireless  telegraph  business  by 
«ny  one  company. 


NEW  INTERNATIONAL  CODE  OF  SIGNALS. 


?w  International  Code  of  Sig- 
e  into  use  on  January  1,  1001, 
listinguishing  sign  will  hence- 
be  the  code  pennant  hoisted  in 
lary  way. 

ations  of  the  new  signals  are 
the  plate,  together  with  rules 
Is  of  distress  in  the  text, 
not  now  necessary  to  tie  the 
le  Code  Pennant  to  the  hnl- 
was  previously  require<1  when 
K  to  signal.  When  hoisted 
le  ensign,  it  denotes  a  signal 
•om  the  International  Code, 
oisted  by  itself  at  the  mast- 
is  the  Answering  Pennant. 


Communication  may  then  be  com- 
menced, and  any  message  following  in 
this  page,  or  found  under  the  heading 
"Danger  or  Distress"  in  the  Interna- 
tional Code  Signal  Book,  may  be  ex- 
changed, strictly  following  the  Inter- 
national Commercial  Code  and  the  in- 
structions given  above. 

The  International  Code  Signal  de- 
scribed above,  asking  to  0|>en  com- 
munication, should  l>e  shown  in  every 
<'nse  of  distress  by  the  shore  sta- 
tion, for  it  may  l)e  that  the  vessel  has 
the  International  Code,  but.  until  see- 
ing this  signal,  will  not  know  that  she 
can  use  it. 


ADOPTKD    FROM    AND    TO 
ERCIAL  CODE  SIGNAL  BOOK 

itress;  want  immediate  a>8i.stance. 

re  cominfc  to  your  assistance. 

u)t  attempt    to  land  in   your  own 

%tH. 

»ge<i  rudder;  can  not  stiver. 

les  broken  down;  I  am  liisahled. 

are  standing  into  danfcer. 

y  weather  coming;  look  sharp. 

9  impassable. 

off. 

t  fast — to — 


BE    FOUND    IN    INTERNATIONAL    COM- 
OF   1899.   REFERRED  TO  ABOVE. 


W  / 

F   >  Slack  away. 

Q  S 


K  I  o 


rp    ■  Shift  your  !>erth.    Your  l)erth  is  not  safe. 


p  ,-  Hold  on  until  hijch  water. 

J.  •  Remain  by  the  ship. 

J  J  -  Abandon  the  vessel  as  fast  as  possible. 

j^  .'  LandiiiK  i-^  iniiMtssiblc. 

P  ;•  lAiok  out  for  rocket  line  (or,  line). 

K  I  Endeavor  to  send  a  line  by  boat  (cask, 

A  \      kite,  raft,  etc.). 

r  iSo  assistance  can  be  rcndere<l;    do  the 

X  \      best  yfju  can  for  yourselves. 

K  <  IxMjkout  w\U  he  V.^\^V  ou  \W  Vs«Wi\v  iiX 

(i  f      night. 
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INTERNATIONAL  COMMERCIAL  CODE  SIGNALS-CMfutiicrf. 


Ef 

c  r 

A  I 
I>f 

N  / 

M  ( 

S  I 

o  f 

V  I 
F  \ 

V  » 
f.  f 

V  * 

a  s 

Y  » 

I'  ( 


Llchtii.  or  Fi'ten  will  be  kent  at  the  best 
place  for  coining  on  shore. 

Keep  a  liglit  burning. 

Do  not  abandon  the  vessel  until  the  tide 
has  ebbed. 

I  am  on  fire. 

I  am  ninking  (or,  on  fire);  send  all  avail- 
abb  txiats  to  save  passengers  and  crew. 

Want  assistance:  mutiny. 

Want  immediate  medical  assistance. 

Want  ■  boat  immiHliately  (if  more  than 
onf,  number  to  foUow). 

Want  a  tug  (i/  more  than  one,  number  to 
follow). 


A 
G 

P 
T 

V 
G 


I  most  abiidon  the 


Want  a  pQnt. 


U  f 

X  S 
c 

D 


What  is  name  of  ship  or  Sgnal  Stition 
in  fight? 

Repeat  shio's  name;  your  flags  were  wA 
made  out. 

Signal  not  understood,  though  the  fitp 
are  distinguished. 


I  can  not  make  out  the  flags  {or,  signals) 

Assent — ;Yes. 
Negative — No. 


DISTRESS  SIGNALS. 
(Article  31  of  International  Rules.) 


When  a  vessel  is  in  distress  and  requires 
asflintanne  from  other  vesneU  or  from  the 
Nh'irf  the  following  shall  t)e  the  signals  to  be 
used  fir  dis|>laye4l  by  her,  either  together  or 
AfififtratHy,  namely: 

In  the  daytime^ 

(1)  A  gun  or  rither  exF)Io>«ivc  nignal  firetl  at 
Interval*!  of  alKMit  n  minuto 

(2)  The  Internutifitial  CauIc  signal  r>f  dis- 
trew  hdl"nte<l  by  N  ('. 

IZ)  The  diManre  signtil,  consi-Mting  of  a 
•'innrn  flag,  having  nithor  above  or  l^elow  it  a 
ball  or  anything  rrM»mbling  a  ball. 

(4)  The  dintant  signal,  connisting  of  a  cone. 


point  upward,  having  either  abo\-e  it  or  belov 
It  a  ball  or  an^'thing  reseaibling  a  ball. 

(5)  A  contmuous  sounding  with  any  fot;- 
signal  apparatus. 

At  night — 

(1)  A  gun  or  other  explosive  signal  fired  at 
intervals  of  about  a  minute. 

(2)  Flames  on  the  vessel  (as  from  a  burn- 
ing tar  barrel,  oil  barrel,  and  so  forthV 

(3)  Rockets  or  shells  throwing  stars:  of  any 
color  or  description,  6red  one  at  a  time,  at 
short  intervals. 

(4>  A  continuous  sounding  with  any  foC- 
signal  apparatus. 


LFHT  OK  WKATHER  BUREAU  STATIONS  ON  THE  UNITED  STATES 

SEACOAST   TELEGRAPHIC   LINES. 


All.ANTir'    f\>AMT, 

Na-itiifrke«.,  MiiHNAnhiiNett««. 

Narrruca  hcM  V'ht,  \1\i(h\o  iNJnnd. 

Hio  k  Nla  i<l.  l(>io(li)  iHland. 

Norfolk.  Viiici  lin. 

(Iii'iH  flo  irv.  Vittfi'iin. 

(!ii-rlln"k  Inlet.  North  ('n'-olina. 

Ki'ty  iltivk.  North  ('Hroiinti. 

IIatt»«ras,  No-tli  Carolina. 

.Sa'iil  Key.  I'lorida. 
I*Af  iKifr  CoAsr. 

Tatooth  Nil  ul,  WnMliitigton. 

Neah  liav.  WaMhinKton. 

J')a««f  (!lalla'n,  WanhiMicton. 

Twin  Hive'-.H,  Was'ii-jKton. 

I'ort.  Oes -e  it,  Wa-^hington. 

North  Hei  I.  Wa«<'iiMgton. 

l*oi  it  Ui'v.M  I.iK'it.  California. 

Kai  Frai"iM!o.  California. 

Sonthett.st  Farallone,  Culifomia. 
L\\y.  IIciiov. 

T  uin'ler  Hav  lj*la-wl.  Michigan. 

Mil'llo  Islii'l.  Mi -higan. 

Aloeia,  Mi  'hiifi  i. 

Of  t'le  above  ».i:itioMS  (he  f(»llowinflr.  :ui<I 
also  Juoiter,  Flo-i  hi.  are  sni^plied  wit^i  lnt»'r- 
natio'^al  Code  SiRMals.  and  coniniiinifation 
ran  he  had  therewith  for  the  purpoHC  of  ob- 


taining information  concerning  the  approach 
of  Htorms.  weather  conditions  in  genc^.  and 
for  tie  nurDo^e  of  sending  teleg.*ams  to  points 
o.n  coinmerjiai  li.ios. 

Nantucket,  Massa'^husetts. 
Blo.'k  Island,  Rhode  Island. 
Ca->3  Henry,  Virginia. 
Kittv  Hawk,  North  Carolina. 
Sa-i  1  Key.  Florida, 
Tatf>osh  Island,  Washington. 
HatteraM,  No-th  Carolina. 
Nea'i  Bay.  Washington. 
Poi  it  Reyes  Light,  California. 
Southeast  Farallone,  California. 

Any  messa55e  signaled  by  the  International 
Cole,  as  a.loited  or  used  by  England.  France, 
Ainc.'i.ia,  Denmark,  Holland.  Sjvedei,  and 
Norway,  Russia,  Uree;e.  Italv,  Ge'^many, 
Aust-ii,  S-iaii.  Portugal,  and  Brazil,  re- 
ceive!  at    t'.i?s3  tolegranlii^   signal   stations. 


will 


transmitted  and  delivered  to  the  ad- 


drc<<  ')  1  navment  at  the  station  of  the  tel»- 
f^ra  >  li  •  clii"ge.  All  m«ssa«»^  received  from 
(^r  ali-ess'»1  to  tie  War,  Navy,  Treasury. 
Stat-*.  iMtenor,  or  other  official  department 
at  Washitigton.  are  telegraphed  without 
charge  over  the  Weather  BuraMi  lines. 


8CIBNTIPIC  AMERICAN   REFERENCE   BOOK.  » 

SPBCUL  DISTANT  SIGNALS. 

Uade  \>7  &  single  bobit  followed  by  tbe  STOP  Bignal.     Arranged 
numerlcallr  [or  readlag  off  a  signal. 


-si  .i!^  .^  je»  jSi  jSl  ..s:  aH  jrH  .1^  ,i2:  a* 


t     ii 


1  I 


I  I 


V:i 


J    i'  &'•    I     i 


n 

^  pi 

s 

f 

ft 

:l  il'] 

.«£  .^  ^  ,«r  ja:  .i*t  jt£:  j^  3i»  .^ ,«:»;  .si 


lag 


I  fJ       -I    "I 
iisi   1      4 


yi  1  I 


il 


I  .i^zjs^  j£-  jc:.  ^^j£L.jC.  £:. 


^i^i 
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3  3  2  Enemy  \»  cloifinc  with  you, 
or.  You  are  cloeins  with 
the  enemy. 

S  4  2  Keep  a  good  look-out,  as  it 
IB  reported  that  enemy's 
men-of-war  are  going  about 
disguiMed  as  merchantmen. 


4  12  Proceed  on  your  voyage. 


The  informatioD  relative  to  the  In- 
ternational Code  is  taken  from  the 
thirty-fifth  annual  list  of  the  merchtot 
vessels  of  the  United  States  and  is 
published  bj'  the  Bureau  of  Naviga- 
tion, Department  of  Commerce  and 
Labor. 


THE   POLLOWINO   DISTANT  SIGNALS  MADE   WITH    PLAO  AND  BALX^  OR   PENNANT  AMD 
BALL.  HAVE  THE  SPECIAL  SIONIPICATION  INDICATED  BENEATH  THEM. 


You  are  ranning  into 
dMoger. 

Ftra,  or.  Leak:  want  im« 
medimta  aattftance. 

r 

Short  oC  provWooa. 
Stanrmg. 

r 

AfToand;  want  unjMdi- 

SEMAPHORES. 

There  are  many  Mema(>hores  established  on 
the  French,  Italian,  Portuguese,  and  some  on 
the  Spanish  and  Austrian  coasts,  where  only 
the  international  (>)<le  of  Signals  i.-*  now  used. 
Where  practicable  theae  semaphores  have 
means  of  communicating  by  telegraoh  with 
ea?h  other  ant'  with  the  chief  metropolitan 
lines  and  foreign  }*tations. 

P&«ising  ships  are  able  to  exchange  commu- 
nication with  the  >einHph<>rcs.  and  when  re- 
auired  their  messages  are  forwarded  to  their 
estination  according  to  the  fixed  tariff.  On 
the  coasts  n{  Great  Britain  there  are  signal 
stations  which  t>ffer  the  same  facilities  to 
pa>«sing  vessels. 

BOAT  SIGN.ALS. 

The  Symbols  for  Boat  Signals  are — 

1.  Two  square  flags,  or  handkerchiefs,  or 
pieces  of  cloth. 

2.  Two  long  strips  of  cloth,  or  parts  of  a 
plank,  or  pieces  of  w<k><1  lunger  than  broati. 


I 


3.  Two  balls  or  hats,  or  round  bundles,  or 
buckets. 

With  these  any  of  the  Distance  Signal*  can 
be  made — holding  the  Symbol  at  arm'); 
length:  and  the  Signal  is  to  be  made  frvm 
right  to  left  and  read  from  left  to  right,  thus: 


Equivalent  to 
Ball  above  Pen- 
nant, or,  "You 
ore  running  into 
danger." 


In  making  Boat  Signals  it  is  important  to 
I  use  only  the  proper  means  to  attract  atten- 
I  tion,  and  to  avoid  those  that  may  occasion 
'    confusion  or  misinterpretation. 


CYCLONES. 

[Pilot  Chart.  Hydrographic  Office.] 
••  H ri.K  1 .  --//  the  »unnlU  freshen  inihnut  any    I        "  RcLE  3.  — //  the  wind  ehift  to  the  left,  you 
shift  of  tnwi,  you  arc  on  or  near  the  st(»rm     '    are  to  the  left  of  the  storm  track:    bring  the 


track  heave  t«)  on  the  Ntarboanl  tack  an<l 
watch  f«»r  some  indication*^  of  a  >hift.  <)h>ierv- 
ing  the  low  clouds  t)articularly ;  if  the  barom- 
eter fall  decidedly  T-^ay  half  an  in<-h^  without 
any  ^hift,  juid  if  wind  an. I  -m'ix  permit,  run  off 
with  the  wind  on  the  starhoartl  tjuarter  and 
k«*ep  y»»ur  coinpas>  cour^*. 

"Hi  UK  2.- -If  the  in'mf  shift  to  the  rifjfit.  you 
are  to  the  rijfht  of  the  storm  track  [)ut  the 
ship  on  the  -tarbctard  ta<*k  and  make  as  much 
headway  as  possible  until  obliged  to  lie  to 
(starlK>ard  tack>. 


wind  on  the  starboard  quarter  and  keep  your 
compass  course    if  obliged  to  lie-to,  do  so  oo 

the  port  tack. 

"Oknkhal  Rules,  Good  roR  all  Noitth- 
KKN  Hkmispherk  Stormb. —  In  scudding 
alway><  keep  the  wind  wril  on  the  starboard 
quarter,  in  order  to  run  out  of  the  stonn. 
.\lways  lie-to  on  the  coming-up  tack.  Use <»! 
to  prevent  heaN-y  aeaa  from  breaking  on 
board." 


LIFE-SAVING   SIGNALS. 


The  followirig  ^i(;naU  recommendeii  i)y  tlie 
late  International  Marine  ('onfereri<e  fur 
adoptiun  Vxy  !tll  i»»-tit utions  foi  -.ning  Hff 
fr<»m  wrecked  \»'>-el-*,  have  bii'u  nd«ii>t»'il  Ity 
the  I,ife-sa\  iiuf  Sci\  ice  of  the  I'nited  .'^late-. 

1.  rpon  the  di-i^'oMTv  (»f  a  wre<'k  by  niKht. 
the   life-navin/?  force   will   burn   u  rc<l  \»yTo- 


teehnic  liglit  or  a  red  rocket  to  rignify,  *'You 
are  seen;  ax*<ist ance  will  be  given  as  soon  a« 
possi))[e." 

2.  A  re«i  flfig  waved  on  shore  by  da>'.  or  a 
re«|  liifht,  red  rf>eket,  or  red  Roman  candle 
«li-t>layed  by  night,  will  signify,  *'Haul  away" 

Z.  \  v.-\\\t<i  tlfnt  waved  on  snore  by  d»>'.  or  a 
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'white  liffht  slowly  swunc  back  and  forth,  or  a 
^vhite  rocket  or  white  Roman  candle  fired  by 
Bight,  will  signify,  "Slack  away." 

4.  Two  flags,  a  white  and  a  red,  waved  at 
the  same  time  on  shore  by  day,  or  two  lights, 
m  white  and  a  red,  slowly  swimg  at  the  same 


time,  or  a  blue  pyrotechnic  light  burned  by 
night,  will  signify,  "Do  not  attempt  to  land 
in  vour  own  boats;  it  is  impossible. 

5.  A  man  on  shore  beckoning  by  da^,  or 
two  torches  burning  near  together  oy  night, 
will  signify,  '  'This  is  the  best  place  to  land." 


THE  WEATHER  BUREAU. 


The  Weather  Bureau  furnishes, 
when  practicable,  for  the  benefit  of  all 
interests  dependent  upon  weather  con- 
ditions, the  **Foreca8ts"  which  are  pre- 
pared daily  at  the  Central  Office  In 
Washington,  D.  C,  and  certain  des- 
ignated stations.     These  forecasts  are 


telegraphed  to  stations  of  the  Weather 
Bureau,  railway  officials,  postmasters 
and  many  others,  to  be  communicated 
to  the  public  by  means  of  flags  or 
steam  whistles.  The  flags  adopted  for 
this  purpose  are  five  in  number,  and  of 
the  forms  and  colors  indicated  below : 


t 


EXPLANATION    OF    WEATUEB   FLAGS. 

■  Zi*  n#t  ws  w%*  ^ 

Fta«.  WkitoaadBlM  teck  TrfMgriv 

^  Fiif.  -  ^ 


N*.  S. 
WhHi  Flu  wHh  UKk 
raScMlv. 


CMWmi 


When  number  4  is  placed  above 
number  1,  2  or  3  it  indicates  warmer ; 
when  below,  colder ;  when  not  dis- 
played, the  temperature  is  expected  to 


remain  about  stationary.  During  the 
late  spring  and  early  fall  the  cold- 
wave  flag  is  also  used  to  indicate  an- 
ticipated  frosts. 


EXPLANATION   OF   WHISTLE   SIGNALS. 


A  warning  blast  of  from  fifteen  to  < 
twenty  seconds  duration  is  sounded  to 
attract  attention.  After  this  warning 
the  longer  blasts  (of  from  four  to  six 
seconds  duration)  refer  to  weather, 
and  shorter  blasts  (of  from  one.  to 
three  seconds  duration)  refer  to  tem- 
perature; those  for  weather  are  sound- 
ed first. 

BlaatM.  Indicate. 

One  long Fair  weather. 

Two  long Rain  or  snow. 

Three  long Local  rain  or  snow. 

One  short Ix>wer  temperature. 

Two  short Higher  temperature. 

Three  short Cold  wave. 

By  repeating  each  combination  a 
few  times,  with  intervals  of  ten  sec- 
onds, liability  to  error  in  reading  the 
signals  may  be  avoided. 

As  far  as  practicable  the  forocaat 
messages  will  be  telegraphed  at  the  ex- 
pense of  the  Weather  Bureau :  but 
if  this  is  impracticable,  they  will  be 
furnished  at  the  regular  commercial 
rates  and  sent  "collect."  In  no  case 
will  the  forecasts  be  sent  to  a  second 
address  in  any  place  except  at  the  ex- 
pense of  the  applicant. 

Persons  desiring  to  display  the  flags  ] 
or  sound  the  whistle  signals  for  the  | 
benefit  of  the  public  should  commnni-   i 


cate  with  the  Weather  Bureau  offi- 
cials in  charge  of  the  climate  and  crop 
service  of  their  respective  States,  the 
central  stations  of  which  are  as  fol- 
lows : 

Montgomery,  Ala. ;  Ph<pnlx.  Ariz. ; 
Little  Ko<-k,  Ark. ;  San  Francisco, 
Cal. ;  Denver,  Colo.;  Jacksonville, 
Fla. :  Atlanta,  Ga. ;  Boise,  Idaho; 
Springfield,  III.;  Indianapolis,  Ind. ; 
I)es  Moines.  Iowa ;  Topeka,  Kan. ; 
Ix>uisville,  Ky. ;  New  Orleans,  La.; 
Baltimore,  Md.  (for  Delaware  and 
Maryland)  ;  Boston,  Mass.  (for  New 
England)  :  Lansing,  Mich.;  Minneapo- 
lis, Minn.;  V'icksburg.  Miss.;  Colum- 
bia, Mo. ;  Helena,  Mont. ;  Lincoln, 
Nebr. ;  Cai*son  City,  Nev. ;  New 
Brunswick,  N.  J. ;  Santa  Fe,  N.  Mex. ; 
Ithaca,  N.  Y. ;  Raleigh,  N.  C. ;  Bis- 
marck. N.  Dak. ;  Columbus,  Ohio ; 
Oklahoma.  Okla.  (for  Oklahoma  and 
Indian  Territories)  ;  Portland,  Oreg. ; 
Philadelphia.  Pa.;  Columbia.  S.  C. ; 
Huron,  S.  Dak. ;  Nasfhville,  Tenn. ; 
Galveston.  Tex. ;  Salt  Lake  City, 
Utah;  Richmond,  Va. ;  Seattle, 
Wash.;  Parkersburg,  W.  Va. ;  Mil- 
waukee, Wis. :  Cheyenne,  Wyo. 

Willis  L.  Moore, 
Chief  r.  S.  \Ve^U\^T  ^\\x^«.w. 


CHAPTER    IX. 


PATENTS,    TRADE   MARKS,   COPYRIGHTS. 


PATENTS   IN  RELATION  TO  MANUFACTURES. 


The  value  of  our  patent  system  is 
eloquently  outlined  by  Senator  Piatt, 
of  Connecticut  In  speaking  on  a  bill 
for  the  i*eorganization  of  the  Patent 
Office,  he  said : 

**To  my  mind,  the  passage  of  the 
act  of  183G  creating  the  Patent  Ottice 
marks  the  most  important  epoch  in  the 
history  of  our  development — I  think 
the  most  important  event  in  the  his- 
tory of  our  Government  from  the  Con- 
st.tution  until  the  Civil  War.  The  es- 
tablishment of  the  Patent  Uttice 
marked  the  commencement  of  that 
marvelous  development  of  the  re- 
sources of  the  country  which  is  the  ad- 
miration and  Wonder  of  the  world,  a 
development  which  challenges  all  his- 
tory for  a  parallel ;  and  it  is  not  too 
much  to  say  that  this  unexampled 
progress  has  been  not  only  dependent 
upon,  but  has  been  coincident  with,  the 
growth  and  development  of  the  patent 
system  of  this  country.  Words  fail  in 
attempt  ng  to  portray  the  advance- 
ment of  this  country  for  the  last  fifty 
years.  We  have  had  fifty  years  of 
progress,  fifty  years  of  inventions  ap- 
plied to  the  every-day  wants  of  life, 
fifty  years  of  patent  encouragement, 
and  fifty  'years  of  a  development  iu 
wealth,  resources,  grandeur,  culture, 
power  which  is  little  short  of  miracu- 
lous. Population,  production,  business, 
wealth,  comfort,  culture,  power,  gran- 
deur, these  have  all  kept  step  with  the 
expansion  of  the  inventive  genius  of 
the  country ;  and  this  progress  has 
been  made  possible  only  by  the  inven- 
tions of  its  citizens.  AH  history  con- 
firms us  in  the  conclusion  that  it  is 
the  development  by  the  mechanical  arts 
of  the  industries  of  a  country  which 
brings  to  it  greatness  and  power  and 
glory.  No  purely  agricultural,  pas- 
toral people  ever  achieved  any  h'gh 
standing  among  the  nations  of  tho 
earth.  It  is  only  when  the  brain 
evolves  and  the  cunning  hand  fasliions 
labor-saving  machines  that  a  nation 
begins  to  throb  with  new  energy  and 


life  and  expands  with  a  new  growth. 
It  is  only  when  thought  wrings  frotti 
nature  her  untold  secret  treasures  that 
colid  wealth  and  strength  ai-e  accumu- 
lated by  a  people." 

When  the  Japanese  Government  was 
considering  the  establishment  of  a  pat- 
ent system,  they  sent  a  commissioner 
to  the  United  States  and  he  spent 
several  months  in  Washington,  every 
facility  be.ng  given  him  by  the  Com- 
missioner of  Patents.  One  of  the  ex- 
aminers said :  *'I  would  like  to  know 
why  it  is  that  the  people  of  Japan 
desire  to  have  a  patent  system." 

"1  will  tell  you,"  said  Mr.  Taka- 
hashi.  "You  know  it  is  only  since 
Commodore  Perry,  in  1854,  opened  the 
ports  of  Japan  to  foreign  commerce 
that  the  Japanese  have  been  trying  to 
become  a  great  nation,  like  other  na- 
tions of  the  earth,  and  we  have  looked 
about  us  to  see  what  nations  are  the 
greatest,  so  that  we  could  be  like 
them ;  and  we  said,  *There  is  the 
United  States,  not  much  more  than  a 
hundred  years  old,  and  America  was 
not  discovered  by  Columbus  yet  four 
hundred  years  ago' ;  and  we  said, 
'What  is  it  that  makes  the  United 
States  such  a  great  nation*:*  And  we 
investigated,  and  we  found  it  was  pat- 
ents, and  we  will  have  patents." 

•The  examiner,  in  reporting  this  in- 
terview, added :  "Not  in  all  history 
is  there  an  instance  of  such  unbiased 
testimony  to  the  vaKie  and  worth  of 
the  patent  system  as  practiced  in  the 
United  States." 

The  demonstration  thus  given  the 
commercial  world  during  the  last  half 
century  of  the  efTcc-t  of  beneficent 
patent  laws  has  led  to  their  modifica- 
tion in  ail  the  chief  industrial  coun- 
tries, and  the  .^aTent  feature  of  our 
system — a  preliminary  examination  as 
to  novelty  and  patentability  prior  to 
the  grant  of  a  patent — has  in  late 
years  been  incorporated  into  the  pat- 
ent systems  of  many  foreign  countries^ 
as,  for  instance,  \\\^s\t\«i,  C;«cii^^«i,\i«vv- 
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PATENTS,    TRADE   MARKS,    COPYRIGHTS. 


PATENTS   IN  RELATION  TO  MANUFACTURES. 


>  value  of  our  patent  system  Is 
'Dtly  outlined  by  Senator  Piatt, 
unecticut.  In  speaking  on  a  bill 
le  reorganization  of.   the  Patent 

he  said : 

>  my   mind,  the  passage  of  the 
183G  creating  the  Patent  Ottice 

<  the  most  important  epoc-h  in  the 
y  of  our  developmenL — I  think 
ost  important  event  in  the  his- 
f  our  Government  from  the  Con- 
on  until  the  Civil  War.  The  es- 
iment  of  the  Patent  Uttice 
d  the  commencement  of  that 
lous  development  of  the  ro- 
18  of  the  country  which  is  the  ad- 
on  and  wonder  of  the  world,  a 
pment  which  challenges  all  hi.^- 
br  a  parallel ;  and  it  is  not  too 

to  say  that  this  unexampled 
»ss  has  been  not  only  dependent 
but  has  been  coincident  with,  the 
h  and  development  of  the  patent 
1  of  this  country.  Words  fail  in 
pt  ng  to  portray  the  advance- 
of  this  country  for  the  last  fifty 
We  have  had  fifty  years  of 
»ss,  fifty  3'cars  of  inventions  np- 
to  the  every-day  wants  of  life, 
rears  of  patent  encouragement, 
ifty  'years  of  a  development  in 
1,    resource^*,    grandeur,    culturo, 

which  is  little  short  of  miracu- 
Population,  production,  business, 
1,  comfort,  culture,  power,  gran- 
these  have  all  kept  sttp  with  the 
sion  of  the  inventive  genius  of 
Duntry ;  and  this  progress  has 
nade  possible  only  by  the  inven- 
of  its  citizens.  All  history  con- 
us  in  the  conclusion  that  it  is 
velopment  by  the  mechanical  arts 
f  industries  of  a  country   which 

to  it  greatness  and  power  and 
No  purely  agricultural,  pas- 
people  ever  achieved  any  hgh 
ng  among  the  nations  of  the 
It  is  only  wh^^n  tlie  brain 
s  and  the  cunning  hand  fashions 
saving   machines    that    a    nation 

to  throb  with  new  energy  and 


life  and  expands  with  a  new  growth. 
It  is  only  when  thought  wrings  frotti 
nature  her  untold  secret  treasures  that 
colid  wealth  and  strength  ai-e  accumu- 
lated by  a  people." 

When  the  Japanese  Government  was 
considering  the  establishment  of  a  pat- 
ent system,  they  sent  a  commissioner 
to  the  United  States  and  he  spent 
several  months  in  Washington,  every 
facility  be.ng  given  him  by  the  Com- 
missioner of  Patents.  One  of  the  ex- 
aminers said :  "I  would  like  to  know 
why  it  is  that  the  people  of  Japan 
desire  to  have  a  patent  system." 

"1  will  tell  you,"  said  Mr.  Taka- 
hashi.  "You  know  it  is  only  since 
Commodore  Perry,  in  1854,  opened  the 
ports  of  Japan  to  foreign  commerce 
that  the  Japanese  have  been  trying  to 
become  a  great  nation,  like  other  na- 
tions of  the  earth,  and  we  have  looked 
about  us  to  see  what  nations  are  the 
greatest,  so  that  we  could  be  like 
them ;  and  we  said,  *There  is  the 
United  States,  not  much  more  than  a 
hundred  years  old,  and  America  was 
not  discovered  by  Columbus  yet  four 
hundred  years  ago* ;  and  we  said, 
*What  is  it  that  makes  the  United 
States  such  a  great  nation*;'  And  we 
investigated,  and  we  found  it  was  pat- 
ents, and  we  will  have  patents." 

The  examiner,  in  reporting  this  in- 
terview, added :  ''Not  in  all  history 
is  there  an  instance  of  such  unbiased 
testimony  to  the  vaKie  and  worth  of 
the  patent  system  as  practiced  in  the 
I'nited  States." 

The  demonstration  thus  given  the 
commercial  world  during  the  last  half 
century  of  the  effect  of  beneficent 
patent  laws  has  led  to  their  modifica- 
tion in  all  the  chief  industrial  coun- 
tries, and  the  sal'ent  feature  of  our 
system — a  preliminary  examination  as 
to  novelty  and  patentability  prior  to 
the  grant  of  a  patent — has  in  late 
years  been  incorporated  into  the  pat- 
ent systems  of  many  foreii^u  cow^tvVi^^^ 
as,  for  instance,  \v\^tt\«i,  Cwci«A»L,\>«v- 
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mark,  Germany,  Japan,  Norway,  Rus- 
sia, Sweden,  and  Switzerland. 

The  discoverer  of  new  products  of 
value  in  the  arts  and  the  inventor  of 
new  processes,  or  improved  machines, 
adds  to  public  wealth,  and  his  right  to 
the  product  of  his  brain  is  now  recog- 
nized by  the  laws  of  all  civilized  na- 
tions. The  word  "patent"  had  its 
origin  in  royal  grants  to  favored  sub* 
jects  of  monopolies  in  trade  or  manu- 
facture; but  now  the  word  is  used  in 
a  restricted  sense  to  cover  improve- 
ments in  inventions.  A  few  patents 
for  inventions  were  granted  by  the 
provincial  governments  of  the  Ameri- 
can colonies  and  by  the  legislatures  of 
the  States,  prior  to  the  adoption  of  the 


PRINCIPAL   FIKLDS    OF   INVENTIVE 
ENDEAVOR. 

Federal  Constitution.  On  the  5th  of 
September,  1787,  it  was  proposed  to 
in<orporatp  in  a  <'oiistitiition  a  patent 
and  copyright  clause.  The  germinat- 
ing principle  of  this  clause  of  the 
Constitution  has  vitalized  the  nation, 
expanded  its  i)owers  beyond  the  wild- 
est dreams  of  its  fathers,  and  from  it 
more  than  from  any  other  cause,  has 
grown  the  magnificent  manufacturing 
and  industrial  development  which  we 
to-day  present  to  the  world. 

In  the  early  days  the  granting  of  a 
patent  was  quite  an  event  in  the  his- 
tory of  the  State  I>epartment,  where 
the  clerical  part  of  the  work  was  then 
performed.  It  would  be  interesting  to 
see  Tlionias  .Tefferson,  the  Secretary  of 
War.  and  the  Attorney-(Jcneral.  <Titi- 
cally  examining  the  application  and 
scrutinizing  (>ach  point  <arefully  an<l 
rigorously.     The  first   year  the  major 


ity  of  the  applications  failed  to  pan 
the  ordeal,  and  only  three  patents  were 
granted.  In  those  days  ev^vy  step  in 
the  issuing  of  a  patent  was  taken  with 
great  care  and  cant  ion,  Mr.  Jefferson 
always  seeking  to  impress  upon  th(> 
minds  of  his  officers  and  the  public 
that  the  granting  of  a  patent  was  t 
matter  or  no  ordinary  importance. 
Prior  to  1836  there  was  no  critical 
examination  of  the  state  of  the  art 
preliminary  to  the  allowance  of  a 
patent  application.  Since  the  act  of 
183($  there  have  been  various  enact- 
ments modifying  and  improving  the 
law  in  matters  of  detail.  In  1801  the 
term  for  a  patent  was  inerease<l  from 
fourteen  to  seventeen  years,  and  in 
1870  the  patent  law  was  revised,  con- 
solidated and  amended ;  but  in  its  sa- 
lient features  the  patent  s^'stem  of  to- 
day is  that  of  the  law  of  183G.  The 
subject  of  patents  is  admirably  treat- 
ed by  Mr.  Story  B.  Ladd,  of  the  Cen- 
sus Office,  and  we  are  indebted  to 
Bulletin  No.  242  for  most  interesting 
matter  herewith  presented. 

The  growth  of  the  number  of  pat- 
ents granted  in  the  United  States  to 
citizens  of  foreign  countries,  is  a  strik- 
ing feature,  and  shows  the  high  es- 
teem in  which  this  country  is  held  by 
the  world  at  large  as  a  neld  for  the 
exploitation  of  invention.  The  per 
cent,  of  patents  to  foreign  inventors 
has  more  than  doubled  during  each 
period  of  twenty  years  since  18(50. 

The  majority  of  these  foreign  pat- 
entees are  citizens  of  the  great  manu- 
facturing countries;  four-fifths  of 
them  are  from  England,  France,  Ger- 
many, and  Canada ;  the  number  from 
the  latter  country  being  largely  aug- 
mented by  reason  of  her  proximity  to 
the  I'nited  States.  The  patents  to 
foreign  inventors,  1800-1900,  were  dis- 
tributed as  follows: 


Country. 


(^anada. 
Kngland. 


France. 

(lermany 

All  other  countries. 


Total   to  citisens  of 
foreign  countries.  . 


Number 

of 
Patents. 


Percent, 


3,135 
7,436 
2,163 
5.788 
4.561 


14.0 
32.0 
9.0 
25.0 
20.0 


23.083 


100.0 


This  marked  growth  in  the  number 
of  patents  to  aliens  is  explained  by  the 
very  lil)eral  features  of  our  patent 
system.  Foreigners  stand  here  on  an 
eijual  footing  with  citizens  of  this 
country,    and    they    are    neither    sub- 
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j»H  t»'<l  to  nvst  rictions  in  tlie  umltiT  of 
annuities  or  taxes  payable  after  the 
grant  of  a  patent,  nor  required  to 
work  an  invention  in  this  country  to 
maintain  it  in  force,  as  is  the  case  in 
most  foreign  countries. 

Moreover,  the  thorough  examination 
made  by  our  Patent  Office  as  to  the 
novelty  of  an  invention  prior  to  the 
allowance  of  an  application  for  a  pat- 
ent— an  examination  that  includes  not 
only  the  patents  and  literature  of  our 
own  country  bearing  on  the  art  or  in- 
dustry to  which  the  invention  relates, 
but  the  patents  of  all  patent-granting 
countries  and  the  technical  literature 
of  the  world — and  the  care  exercised 
in  criticising  the  framing  of  the  claims 
hav^  come  to  be  recognized  as  of  great 
value  in  the  case  of  inventions  of 
merit^  and  hence  the  majority  of  for- 
eign inventors  patenting  in  this  coun- 
try take  advantage  of  this  feature  of 
our  patent  system,  and  secure  the  ac- 
tion of  the  Patent  Office  on  an  appli- 
cation for  a  patent  before  perfecting 
their  patei\^s  in  their  own  and  other 
foreign  countries^  taking  due  precau- 
tion to  have  their  patents  in  the  dif 
ferent  countries  so  issued  as  to  se- 
cure the  maximum  term  in  each,  so  far 
as  possible.  This  practice  holds  now 
in  the  case  of  probably  nine-tenths  of 
the  alien  inventions  patented  in  this 
country. 

The  working  of  an  invention  has 
never  been  required  under  our  patent 
laws,  though  in  most  foreign  coun- 
tries, with  the  exception  of  Great  Brit- 
ain, an  invention  must  be  put  into 
commercial  use  in  the  country 
within  a  specified  period  or  the  pat- 
ent may  be  declared  void.  In  the  case 
of  patents  for  fine  chemicals  and  like 
products,  which  require  a  high  order 
of  technical  knowledge  and  ability  for 
their  inception,  and  skilled  workmen 
for  their  manufacture,  the  effect  of  this 
requirement,  that  the  industry  must  be 
established  within  the  country,  has 
h(>en  most  salutary  in  building  up 
chemical  industries  within  the  home 
country,  to  some  extent  at  the  ex- 
pense of  other  countries  where  the 
working  of  a  patent  is  not  obligatory. 
This  shows  most  strongly  in  the  case 
of  carbon  dyes  and  in  the  patents  for 
chemicals  of  the  class  known  as  car- 
bon compounds,  which  includes  nu- 
merous pharmaceutical  and  medicinal 
compounds  of  recent  origin,  aldehydes, 
alcohols,  phenols,  ethers,  etc.,  and 
many  synthetic  compounds,  as  vanil- 
lin, artificial  musk,  etc. 

There  are  many  extensive  industries 


\\iii<h  arc  cnlirely  ilu-  <  rt-alioii  of  jtat- 
ents,  and  can  be  readily  d i (Te it n tinted 
from  the  great  mass  of  manufactures; 
for  example,  certain  industries  based 
upon  chemical  inventions  and  discov- 
eries, as  oleomargarine,  which  now  em- 
ploys $3,023,04(1  of  capital,  and  sup- 
plies products  to  the  value  of  $12,49^^ 
812;  glucose,  which  uses  $41,011,345 
of  capital,  and  gives  products  to  the 
value  of  $21,tS3,G56;  wood  pulp, 
which,  starting  with  the  ground-wood 
pulp  patent  of  Voulter,  in  1858,  and 
following  with  the  soda  fiber  and  sul- 
phite fiber  processes,  is  now  the  chief 
material  employed  in  paper  manufac- 
ture, with  products  aggregating  $18,- 
497,701 ;  high  explosives,  which,  start- 
ing with  the  nitroglycerin  patent  of 
Nobel,  in  18<>5,  now  includes  dynamite, 
the  pyroxylin  explosives,  and  smoke- 
less powder,  with  products  aggregating 
$11,233,300;  while  the  electrical  indus- 
tries, which  now  touch  all  fields  of  in- 
dustrial activity,  power  and  transpor- 
tation, lighting  and  heating,  electro- 
chemical processes,  telegraphy  and 
telephony,  employ  directly  and  indi 
rectly  capital  extending  into  the  bil- 
lions, and  are  the  creation  of  patents. 
The  rubber  industry  was  insignifi- 
cant prior  to  the  dist'overy  by  Charles 
Goodyear  of  the  process  of  vulcaniza- 
tion, while  now  the  products  in  the 
shape  of  rubber  and  elastic  goods  and 
rubber  boots  and  shoes  amount  to  $93, 
710,840.  Bicycles  and  tricycles  em- 
ploy $21^,783.0r>0  of  capital,  with  prod- 
ucts valued  at  $31,915,908.  Manu- 
factured ice  employs  $38,204,054  of 
capital,  with  a  return  in  products  of 
$13,874,513. 

Phonographs  and  graphophones, 
starting  in  1877,  now  show  the  use  of 
$3,348,282  of  capital,  and  products  to 
the  value  of  $2,24(),274.  Photography, 
including  the  manufacture  of  materi- 
als and  apparatus  as  well  as  the  prac- 
tice of  the  art — all  the  outcome  of  in- 
vention— is  now  represented  by  7,700 
establishments,  with  a  combined  capi- 
tal of  $18,711  XM\  and  products  to  the 
value  of  $31,038,107.  The  manufac- 
ture of  sewing  machines  employs  $18.- 
739.450  of  capital,  and  supplies  prod- 
ucts to  the  value  of  $18,314,490.  The 
manufacture  of  typewriters  and  sup- 
plies, within  throe  decades,  has  be- 
come an  industry  that  employs  $8.- 
400,431  of  capital,  and  gives  products 
to  the  value  of  $0,032,029.  These  are 
but  exani[)les  of  w^hat  may  be  consid- 
ered  as  patent-created   industries. 

If  we  attempt  to  enumerate  the  in- 
dustries which,  exist vu^  vtvot   ^q  X.^'^i 
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period  of  patent  growth,  have  been 
revolutioQJied  by  inventioDs,  a  (cata- 
logue oF  ail  of  the  old  induBlries  U 
virtually  required.  The  returns  for 
the  ma  nil  fact  lire  of  agricultural  itn- 
plementa  for  the  preaeot  c^naua 
■how  T15  estahlishmenta,  with  s  capi- 
tal of  $157.707,!S1.  g.ring  employ- 
ment to  40.852  wage-earners,  who  re- 


a  patented  Improvement  which  has 
produced  a  new  or  better  article,  or 
cbeapeaed  the  coat  of  manufacture. 

The  great  iron  and  steel  indusliy 
Bs  ii  exists  to-da;  ig  the  product  o! 
countless  inventions  which  permeate 
ever;  branch  thereof,  and  include 
many  revolutionitiiiE  invent iona.  ■>, 
for  example,    the    Bessemer    process. 


reive  ¥2.-130,880  in  nages.  an<]  mnnu- 
facturcd  products  to  the  value  of  Sllil.- 
207.428:  and.  in  the  entire  ratice  of 
ngrii'ultural  impli^menls  and  niarhinr:- 


The   litnxt   furnaces,   rolling  mills  and 

forges  and  bloomeries.  reported  at  the 

pn-sent  cphsus  comprise  Ctt8  establish- 

meuts.  B-ith  a  capital  of  «i73.391.fl(a. 

cmploving  ■_>22.4!f0  wage-earners,  with 

.■'1 20. 820.1! 70  paid  in  wages,  and  siip- 

II   till!   I   i>lvine  products  to  the  value  of  ?8«3.- 

in  tlic      i'0S27.^     A   prohibition  ot  the  nv  of 

ect  ot   '   the 


e  patented 


of  the  laat  half 
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century  would  stop  every  one  of  these 
establishments. 

'Ihe  same  may  likewise  be  said  of 
the  textile  industry,  the  manufactures 
of  leather,  of  lumber,  chemicals,  etc., 
and  the  railway  system  in  its  entirety, 
from  the  rail  to  the  top  of  the  smoke- 
stack, and  from  the  pilot  to  the  rear 
train  light  or  signal,  is  an  aggregation 
of  American  inventions. 

Without  attempting  to  touch  upon 
the  industries  which  have  been  revo- 
lutionized or  expanded  by  patents,  the 
summaries  which  follow  aim  to  show 
the  growth  of  patents  which  have  gen- 
orally  sprung  from  industries. 

Tlie  closing  decades  of  the  nine- 
teenth century  have  witnessed  tho 
most    extraordinary     development    of 


manufactures  and  commerce  known  in 
our  history.  Industrial  demand  and 
invention  go  hand  in  hand.  They  act 
and  i*eact,  being  interdependent.  Any 
change  in  industrial  conditions  creat- 
ing a  new  demand  is  at  once  met  by 
the  invention  of  the  means  for  supply- 
ing it,  and  through  new  inventions  new 
industrial  demands  are  every  year  be- 
ing created.  Thus  through  the  process 
of  evolution  the  industrial  field  is 
steadily  expanding,  and  a  study  of  the 
inventions  for  any  decade  w.U  point 
out  the  lines  of  industrial  growth  for 
the  succeeding  decade. 

The  following  figures  give  an  idea 
of  the  development  of  American  inven- 
tions during  the  past  fifty-four  years : 


NUMBER  OF  PATENTS    FOR  INVENTIONS    ISSUED   DURING  EACH  CALENDAR 
YEAR,  AND  NUMBER  OF  LIVE  PATENTS  AT  THE  BEGINNING 

OF  EACH  CALENDAR  YEAR. 


Year. 


Number 
of  Patents 
Is5ued  Dur- 
ing the 
Year. 


1>50 881 

\V>1 757 

li52 890 

lis? 846 

1«» 1,759 

1^5 1.892 

lS5tJ 2.315 

1357 2.086 

1S5S 3.467 

1S5) 4,105 

13  JO 4.333 

HGl 3.010 

\V)2 3,221 

U33 ..I  3.781 

1^64 4,638 

lidj 6,099 

1333 1  8,874 

1367 '  12,301 

1338 12,5U 

1361 '  12,957 

1370 12.157 

n71 11.6S7 

1572 '  12,200 

1373 11.016 

1374 12,230 

1875 13,291 

1876 14.172 


Number 
of  Live 
Patents. 


0,987 

7.709 

8.099 

8,474 

8.928 

10.251 

11,673 

13.518 

15,714 

18.714 

22.435 

26,252 

28,795 

31,428 

34.244 

3S,034 

43.415 

51,433 

62.929 

73.824 

85.005 

94.910 

lOt.022 

112.937 

120,551 

128,547 

141.157 


Year. 


1877. 
1878. 
1879. 
1880. 
1881. 
18S2. 
1833. 
1834. 
1835. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1832. 
18)3. 
1834. 
1S95. 
1830. 
1837. 
189v 
18  )J. 
1900. 
1901. 
1902. 
1903. 


Number 

of  Patents 

Number 

Issued  Dur- 

of Live 

ing  the 

Patents. 

lear. 

12.920 

155.^00 

12.345 

168,011 

12,133 

177,737 

12  926 

186,<08 

15,548 

195,325 

18.135 

200,043 

21.196 

218,041 

19,147 

230,360 

23.331 

237.204 

21,797 

247.991 

20,429 

250.(31 

13.585 

265.103 

23.360 

273,001 

25,322 

284.161 

22.328 

297,f67 

22,661 

307.965 

22,768 

317.335 

19.875 

325.931 

20.883 

332.886 

21.867 

341,424 

22.098 

351.158 

20.404 

300.330 

23.296 

305.180 

24.660 

370.347 

N    25,558 

373,811 

27,136 

380.222 

31.046 

393.276 

The  theory  of  the  patent  law  is  sim- 
ple. The  country  is  enr  ohed  by  inven- 
tions and  offers  for  thoni  a  smnll 
premium :  this  premium  is  a  revpntern 
years'  monopoly  of  thoir  fruit — no 
more,  no  .less.     Having  piircha.scd  the 


invention  for  this  insignificant  prire, 
the  purchase  is  consummated  by  the 
public  ation  in  the  patent  rerords  of  tlie 
derails  of  the  invent'on  so  that  he  who 
runs  may  read.  The  whole  thing  is 
a    strictly    bwsmes.?.   \v^w^«lv:\Xq^.  ^\A 
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this  character  is  emphasized  by  the 
fact  that  the  inventor  is  required  to 
pay ,  for  the  clerical  and  expert  labor 
required  to  put  his  invention  into 
shape  for  issuing.  His  patent  fees  are 
designed  to  cover  this  expense,  and  do 
so,  with  a  considerable  margin  to 
spare.  Thus  the  people  of  the  United 
States  are  perpetually  being  enriched 
by  the  work  of  inventors,  at  absolutely 
no  cost  to  themselves. 

The  inventor  does  not  work  for  love 
nor  for  glory  alone,  but  in  the  hopes 
of  a  return  for  his  labor,  (ilory,  and 
love  of  his  species,  are  elements  actuat- 
ing his  work,  and  in  many  cases  he 
invents  because  he  cannot  help  himself, 
because  his  genius  is  a  hard  task  mas- 


ter and  keeps  him  at  work.  But  none 
the  less,  the  great  incitement  to  inveu- 
tion  Is  the  hope  of  obtaining  a  valua- 
ble patent,  and  without  this  induce- 
ment inventions  would  be  few  and  far 
between,  and  America  would,  without 
the  patent  system,  be  far  in  arrears 
of  the  rest  of  the  world,  instead  of 
leading  it,  as  it  does  to-day.  The  few 
pregnant  sentences  of  the  patent  stat- 
utes, sentences  the  force  of  whose 
every  word  has  been  laboriously  ad- 
judicated by  our  highest  tribunal,  the 
Supreme  Court  of  the  United  States, 
are  responsible  for  America's  most 
characteristic  element  of  prosperity, 
the  work  of  her  inventors,  to  whom  be- 
longs the  credit. 


DISTINGUISHED  AMERICAN  INVENTORS. 


Benjamin  Franklin ;  b.  Boston, 
1706;  d.  171X);  at  12.  printer's  appren- 
tice, fond  of  useful  reading;  27  to  40, 
teaches  himself  Latin,  etc.,  makes  va- 
rious useful  improvements ;  at  40, 
studies  electricity;  1752,  brings  elec- 
tricity from  clouds  by  kite,  and  invents 
the  lightning  rod. 

Eli  Whitney,  inventor  of  the  cotton- 
gin ;  b.  Westborough,  Mass.,  17<>5;  d. 
1825 ;  went  to  (Georgia  1702  as  teach- 
er: 1703,  invents  the  cotton-gin,  prior 
to  which  a  full  day's  work  of  one  per- 
son was  to  clean  by  hand  one  pound 
of  cotton;  one  machine  performs  the 
labor  of  five  thousand  persons;  1800, 
founds  Whitneyville.  makes  firearms, 
by  the  interchangeable  system  for  the 
parts. 

Robert  Fulton ;  b.  Little  Britain, 
Pa.,  17G5;  d.  1825;  artist  painter;  in- 
vents steamboat  170.*i;  invents  subma- 
rine torpedoes  1707  to  1801  ;  builds 
steamboat  in  FraiKo  1803;  launches 
passenger  boat  (/brniont  at  N.  Y. 
1807,  and  steams  to  Albany;  1812. 
builds  steam  ferryboats;  1814,  builds 
first  steam  war  vessel. 

Jetliro  Wood,  inventor  of  the  mod- 
ern cast-iron  i)lou);h  :  b.  White  Creek. 
N.  Y..  1774;  <1.  IS'U :  patented  tho 
plough  1S14 ;  iireviously  the  i)louKh 
was  a  stick  of  wood  plated  with  iron  : 
lawsuits  against  infringers  consume*! 
his  means;  Secreinry  Seward  said: 
"No  man  has  benefited  the  countiy 
pecuniarily  more  than  .Tethro  Wood, 
and  no  man  has  been  as  inaderjuately 
rewarded." 

Thomas  Rlan<]mrd  :  b.  1788.  Sutton. 
Mass.:  d.  18tI4  :  invented  tack  machine 
18<m;;  builds  snceessfui  steam  carriage 
1825;  builds  the  stern-wheel   boat  for 


shallow  waters,  now  in  common  use  on 
Western  rivers;  1843,  patents  the 
lathe  for  turning  irregular  forms,  now 
in  common  use  all  over  the  world  for 
turning  lasts,  spokes,  axe-handles, 
gun-stocks,  hat-blocks,  tackle- blocks, 
etc. 

Ross  Winans,  of  Baltimore;  b.  1708, 
N.  J. ;  author  of  many  inventions  re- 
lating to  railways;  first  patent,  1828; 
he  designed  and  patented  the  pivoted, 
double  truck,  long  passenger  cars  now 
in  common  use.  His  genius  also  as- 
sisted the  development  of  railways  in 
Russia. 

Cyrus  H.  McCormick,  inventor  of 
harvesting  machines;  b.  Walnut  Grove, 
Va.,  1800;  in  1851  he  exhibited  his  in- 
vention at  the  World's  Fair,  London, 
with  practical  suci'ess.  The  mowing 
of  one  acre  was  one  man's  day's  work ; 
a  boy  with  a  mowing  machine  now  cuts 
10  acres  a  day.  Mr.  McCormick's 
patents  made  him  a  millionaire. 

Charles  Goodyear,  inventor  and  pat- 
entee of  the  simple  mixture  of  rubber 
and  suli)hur,  the  basis  of  the  present 
great  rubber  industries  throughout  the 
world  ;  b.  New  Haven,  Conn.,  1800 ;  in 
18ii0,  by  the  accidental  mixture  of  a 
bit  of  rubber  and  sulphur  on  a  red-hot 
stove,  he  discovered  the  process  of  vul- 
canization. The  Goodyear  patents 
proved  immensely  profitable. 

Samuel  F.  B.  Morse,  inventor  and 
patentee  of  electric  telegraph;  b, 
Uharlestown,  Mass.,  1791;  d.  1872; 
artist  painter;  exhibited  first  drawings 
of  telegraph  1832;  half-mile  wire  in 
operation  1835;  caveat  1837;  Congress 
appropriated  $30,000  and  in  1844  first 
telegraph  line  from  Washington  to 
Baltimore  was  opened ;  after  long  con- 
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tests  the  courts  sustained  his  patents 
and  he  realised  from  them  a  large  for- 
tune. 

Elias  Howe,  inventor  of  the  modem 
sewing  machine;  b.  Spencer,  Mass., 
1819;  d.  1867;  machinist;  sewing  ma- 
chine patented  1846;  from  that  time 
to  1854  his  priority  was  contested  and 
he  suffered  from  poverty,  when  a  deci- 
sion of  the  courts  in  his  favor  brought 
him  large  royalties,  and  he  realized 
several  millions  from  his  patent. 

James  B.  Eads ;  b.  1820 ;  author  and 
constructor  of  the  great  steel  bridge 
over  the  Mississippi  at  St.  Louis,  1867, 
and  the  jetties  below  New  Orleans, 
1876.  His  remarkable  energy  was 
shown  in  1861  when  he  built  and  de- 
livered complete  to  the  Government,  all 
within  sixty-five  days,  seven  iron-plat- 
ed steamers,  600  tons  each ;  subse- 
quently other  steamers.  Some  of  the 
most  brilliant  successes  of  the  Union 
arms  were  due  to  his  extraordinary 
rapidity  in  constructing  these  vessels. 

Prof.  Joseph  Henry ;  b.  Albany,  N. 
Y.,  1799;  d.  1878;  in  1828  invented  the 
present  form  of  the  electro-magnet 
which  laid  the  foundation  for  practi- 
cally the  entire  electrical  art  and  is 
probably  the  most  important  single 
contribution  thereto.  In  1831  he  dem- 
onstrated the  practicability  of  the  elec- 
tric current  to  effect  mechanical  move- 
ments and  operate  signals  at  a  distant 
point,  which  was  the  beginning  of  the 
electro-magnetic  telegraph ;  he  devised 
a  system  of  circuits  and  batteries, 
which  contained  the  principle  of  the 
relay  and  local  circuit,  and  also  in- 
vented one  of  the  earliest  electro-mag- 
netic engines.  He -made  many  scien- 
tific researches  in  electricity  and  gen- 
eral physics  and  left  many  valuable 
papers  thereon.  In  1826  he  was  a 
professor  in  the  Albany  Academy  ;  was 
Professor  of  Natural  Philosophy  at 
the  College  of  New  Jersey  in  1832,  and 
in  1846  was  chosen  secretary  of  the 
Smithsonian  Institution  at  Washing- 
ton, where  he  remained  until  his  death. 
Prof.  Henry  was  probably  the  greatest 
of  American  physicists. 

Dr.  Alexander  Graham  Bell,  the  in- 
ventor of  the  telephone :  b.  1847  at 
E^linburgh,  Scotland,  moved  to  Can- 
ada 1872  and  afterward  to  Boston ; 
here  he  became  widely  known  as  an  in- 
structor in  phonetics  and  as  an  au- 
thority in  teaching  the  deaf  and  dumb : 
in  1873  he  began  the  study  of  the 
transmission  of  musical  tones  by  tele- 
graph;  in  1876  he  invented  and  pat- 
ented the  speaking  telephone,  which 
has  become  one  of  the  marvels  of  the 


nineteenth  century  and  one  of  the 
greatest  commercial  enterprises  of  the 
world;  in  1880  the  French  Govern- 
ment awarded  him  the  Volta  prize  bf 
$10,000  and  he  has  subsequently  re- 
ceived the  ribbon  of  the  Legion  of 
Honor  from  France  and  many  honor- 
ary degrees,  both  at  home  and  abroad ; 
Dr.  Bell  still  continues  his  scientific 
work  at  his  home  in  Washington  and 
has  made  valuable  contributions  to  the 
phonograph   and    aerial    navigation. 

[Prof.  Bell  is  now  generally  known 
as  Dr.  Bell,  out  of  respect  for  his 
honorarj*   degree.] 

Thomas  A.  Edison ;  b.  1^47,  at  Mi- 
lan, Ohio ;  from  a  poor  boy  in  a  coun- 
try village,  with  a  limited  education, 
he  has  become  the  most  fertile  inventor 
the  world  has  ever  known ;  his  most 
important  inventions  are  the  phono- 
graph in  1877,  the  incandescent  elec- 
tric lamp,  1878;  the  quadruplex  tele- 
graph, 1874-1878;  the  electric  pen, 
1876;  magnetic  ore  separator,  1880, 
and  the  three-wii-e  electric  circuit, 
1883 ;  his  first  patent  was  an  electric 
vote-recording  machine,  taken  in  1869, 
since  which  time  more  than  700  pat- 
ents have  been  granted  him ;  early  in 
life  I<}dison  started  to  run  a  newspaper, 
but  his  genius  lay  In  the  field  of  elec- 
tricity, where  as  an  expert  telegrapher 
he  began  his  great  reputation ;  his 
numerous  inventions  have  brought 
him  great  wealth ;  a  fine  villa  in  Llew- 
ellyn Park,  at  Orange,  N.  ,T..  is  his 
home,  and  his  extensive  laboratory 
near  by  is  still  the  scene  of  his  con- 
stant work :  he  is  the  world's  most 
persevering  inventor. 

Captain  John  Ericsson;  b.  1803  in 
Sweden;  d.  in  New  York,  1889;  at  10 
years  of  age,  designed  a  sawmill  and 
a  pumping  engine ;  made  and  patented 
many  inventions  in  England  in  early 
life;  in  1821)  entered  a  locomotive  in 
competition  with  Stephenson's  Kocket ; 
in  1836  patented  in  England  his 
double-screw  propeller  and  shortly 
after  came  to  the  United  States  and 
incorporated  it  in  a  steamer;  in  1861, 
built  for  the  United  States  Govern- 
ment the  turret  ironclad  Monitor:  was 
the  inventor  of  the  hot-air  engine 
which  hears  his  name:  also  a  tori)edo 
boat  which  was  designed  to  discharge 
a  torpedo  by  means  of  compressed  air 
beneath  tlie  water:  he  was  an  indefati- 
gable worker  and  made  many  other  in- 
ventions;  his  (liary,  kept  daily  for  40 
years,  comprehended  14,(MK)  pages. 

Cliarlos  F.  Brush  ;  b.  near  Cleveland, 
Ohio,     1840;     puomlwewU^     \<\«iw\.\^\vi^ 
with  the  de\e\oY^m<i\i\.  ol  X\i<i  ^^\i"SNxs\ft, 
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the  arc  light  and  the  storage  battery, 
in  which  fields  he  made  many  impor- 
tant inventions;  in  1880  the  Brash 
Company  put  its  electric  lights  into 
New  York  City  and  has  since  extended 
its  installations  into  most  of  the  cities 
and  towns  of  the  United  States;  in 
1881,  at  the  Paris  Electrical  Exposi- 
tion, he  received  the  ribbon  of  the  Le- 
gion of  Honor. 

(ieorge  Westinghouse,  Jr. ;  b.  at 
Central  Bridge,  N.  Y..  184G;  while 
still  a  boy  he  modeled  and  built  a 
steam  eng.ne :  his  first  profitable  inven- 
tion was  a  railroad  frog ;  his  most  no- 
table inventions,  however,  were  in 
railroad  airbrakes,  the  first  patents 
for  which  were  taken  out  in  1872 ;  the 
system  now  known  by  his  name  has 
grown  to  almost  universal  adoption 
and  constitutes  a  great  labor  saving 
and  life  saving  adjunct  to  railroad 
transportation ;  Mr.  Westinghouse. 
whose  home  is  at  Pittsburg,  was  one 
of  the  earliest  to  develop  and  use  nat- 
ural gas  from  deep  wells ;  in  late  years 
he  bas  made  and  patented  many  in- 
vent'ons  in  electrical  machinery  for 
the  development  of  power  and  light, 
and  has  commercially  developed  the 
same  on  a  large  scale. 

Ottmar  Mergenthaler ;  b.  1854,  at 
WUrtemberg,   Germany ;   d.   1899 ;   in- 


ventor of  the  linotype  machine;  hi;; 
early  training  as  a  watch  and  clock 
maker  well  fitted  him  for  the  painstak- 
ing and  complicated  work  of  his  life, 
which  was  to  make  a  machine  which 
would  mold  the  type  and  set  it  up  in 
one  operation ;  in  1872  Mergenthaler 
came  to  Baltimoi*e  and  entered  a  ma- 
chine shop,  in  which  he  subsequently 
became  a  partner;  the  first  linotype 
machine  was  built  in  188G  and  put  to 
use  in  the  composing  room  of  the  New 
York  Tribune;  to-day  all  large  news- 
paper and  publishing  houses  are 
equipped  with  great  batteries  of  these 
machines,  costing  over  $3,(KK)  each, 
and  each  performing  the  work  of  five 
compositors. 

The  first  recorded  patent  granted  by 
the  United  States  Government  bears 
date  July  31,  1790,  issued  to  Samuel 
Hopkins,  for  making  pot  and  pearl 
ashes.  Two  other  patents  were  grant- 
ed in  that  year.  In  the  following  year, 
1791,  thirty-three  patents  were  grant- 
ed. Among  them  were  six  patents  to 
James  Rumsay  and  one  to  John  Fitch 
for  inventions  relating  to  steam  en- 
gines and  steam  vessels.  For  the  sin- 
gle year  of  187G  the  number  of  pat- 
ents and  caveats  applied  for  was  al- 
most 20000. 


PROGRESS  OF  INVENTIONS. 


Below  is  given  in  chronoloeical  or- 
der a  list  of  important  inventions  be- 
ginning  with    the   IGth  century,   with 


the  title  of  the  invention,  the  year  it 
was  made,  the  name  of  the  inventor 
and  his  nativity : 


Inventions. 


Dis«'overic9  of  elect  rifal  phenomena 

Won  the  title  of  "founder  of  the  science  of 
elect  rii'ity." 

Screw  printing-pressi 

Hnirally  grooved  rifle  barrel 

Iron  furnaces 

The  u'-e  of  .'"team 

The  first  aiithentic  reference  in  English  liter- 
ature to  the  u>e  of  steam  in  the  arts. 
Bay  Psalm  Book,  first  book  published  in  the 

Colonies 

Barometer. 

St'^am  engine.  atmo«.|)hcric  pressure 

Machine  for  generating  electricity 

First  paper  mill  in  America 

First  steam  engine  with  a  ni-^ton •. 

The  manufacture  of  nlate  glu-^.-"  o^tahlisheil     .  . 
First   to  discover  diflference  between  electric 

conductors  aiul  in-ulat(»rs 

The  first   practical  application  of  the  steam 

engine 

First    newspaper  in   America.  "Boston  News 

letter" 

First  to  produce  electric  spark 


,  1040 
1043 
1003 
1«VS1-G 
1000 
10)0 

Hio:) 
:  I  ic.'.)o 

■|  1730 

1702 

1704 
I  S  170S 


Torricelli 

Thomas  Newcomen 
Otto  von  Guericke 
William  Rittenhouse 
Denys  Papin 


Stephen  Gray 

Thomas  Savery 

John  Camnbell 
Dr.  J.  Wall 


Date. 

Inventor. 

Nativity. 

J  1560 
11003 

1620 
1620 
K)21 
1030 

WUliam  GUbert 

Blacw 
Kostcr 
lyord  Dudley 
David  Ramaeye 

Germany 
England 
England 
England 

'  Maw. 

I  Italv 
England 
Germany 

!  Penna. 
Frauce 
France 

England 

England 

Ma99. 

England 
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,e  well-kDOirD  pith  bull.  . 
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I  StaiTK  itiiit  eteetricitr  b  of  two  kinds. 

a  or  i^S™  j^T'*".  °. ."....'".:::,  I 

iMioD  at  coke  for  coal  to  melting  iron ...  I 
ia^  cODiliMlor 


A. 

•o  bieyeir' 
wwns.th< 

^thTiM^ 


•layed  In  public  in  En^ 


lula  of  tba  modem  vvinB. 
]  nuild  baud,  tiDii  wrousht- 


in  CsDIor 

Denjuinin  Fmniilin 
"      in  da  Pluta 

™y'ju  Fay 
Pinu  &^«n 

km^  Franklin 
»  BarsrenVB. 

RkhBnJ  ArkwriKhi 

Samuel  Cramplnn 
(  Jaremiab  Wilkinwn 
Miller 
Branchard  A  Maguricr 

J.  l^.AJ.  M.  MunlBulficr 


EnriBncl 
[iKlBlalBi 


r  of  bicyol*.    1790 

intjDff-pm,  the  lirvt  j 


i     .JoJinFilcb 
OUver  Evans 

Aodn*  Hcttls 


-n.ia^aa  an  Ulun 
hthnvraikhy.  .  . 

oe  for  maklDC  , 

ifl  ballery  diuoveraj 


8vminKlr>n 
■■Hi  A  Davy 


rid.  BtalM 
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PROGRESS  OF  INVENTIONS— Can/tnu«i. 


Inventions. 


Date. 


Inventor. 


Nativity. 


FirHt  locomotive  in  United  States 

First  circular  woo<l  saw  made  in  thia  country.  . 

Helioffraphy 

Kaleiaoscope 

Miners'  safety  lamp 

Dry  ffas  meter 

Knitting  machine 

*  *  Draisine  "  bicycle '.  . 

'  'Columbian  "  prefw,  elbowed  pulling  bar,  num- 
ber of  impreswions  per  hour,  50 

Stethoscope 

Electro-magnetism  diMCovered 

I^the  for  turning  irregular  wood  forms 

The  theory  of  electro-dynamics  first  propounded 

Electroscope 

The  conversion  of  the  electric  current  into  me- 
chanical motion 

(Galvanometer 

Multi-color  printing 

Calculating  machine 

Discovery  of  thermo-electricity 

Liquefaction  and  solidification  of  gas 

Water  gas,  discovery  of 

Portland  cement 

Elertro-magnet 

First  i>a«senger  railway,  opened  between  Stock- 
ton and  Darlington.  England 

Electrical  spur  wheel 

First  railroad  in  United  States,  near  Quincy, 
Mass 

The  law  of  galvanic  circuits  formulated 

Fricti<»n  matches 

The  reduction  of  aluminum 

Law  of  electrical  resistance 

Improved  rotary  printing-press,  Ix)n<lon  Times, 
5,000  imi)ressions  per  hour 

Hot  air  blast  for  iron  furnaces 

Wood  planing  machine 

Spool  electro-magnet 

Tubular  U>comotivc  boiler 

Spinning  ring  frame 

The  "Washington"  printing-press,  lever  mo- 
tion and  knuckle  joint  for  a  screw,  number 
of  imprecision-  per  hour,  200 

Fir-!t  stoain  locomotive  in  United  States, 
"Stourbridge  Li«)n  " 

Double  fluid  galvanic  battery 

First  portable  -team  fire  engine ... 

Magneto-electric  induction 

Chlorofonn 

First  con«*eption  of  electric  telegraph 

First  nuignoto-eloctric  machines 

Hotary  electric  motor 

Chloral-hydrate 

Locomotive,  "OhI  Ironsides,"  built 

Link-motion  for  locomotives    

A<U»ption  of  steam  wlii>tle  for  locf)motives.  .  .  . 

Reciprocating  saw-t<»otli  cutter  within  double 
guard  fingers  for  reapers 

"SlcConnick"  reaper 

Rotarv  electric  inot<ir ] 

Carb«)lic  acid  «liscovere<l | 

Horseshoe  machine i 

(\)nstar)t  electric  battery I 

Acetylene  gas  discovered 1 

The  revolver;  a  device  "for  combining  a  num-  I 
ber  of  long  barrel-  -o  as  to  rotate  upon  a  spin- 
<llebytheact  of  cocking  the  hammer" i 

The  screw  applied  to  .-team  ruivigation S 

Tho  t^alvanizing  of  iron \ 


1814 
1814 
1814 
1814 
1815 
1815 
1816 
1816 

1817 
1819 
1819 
1819 
1820 
1820 

1821 
1822 
1822 
1822 
1823 
1823 
1823 
1825 
1825 

1825 
1820 

1826 
1827 
1827 
1827 
1827 

1827 
1828 
1828 
1828 
1828 
1828 


George  StephenM>n 
Benjamin  Cummings 
Jos.  N.  Niepce 
Sir  David  Brewster 
Sir  Humphry  Davy 
S.  aegg 
BruneTT 
Baron  von  Drais 

George  Clymer 

I<a^nnec 

H.  C.  Oerateil 

Thomas  Blanchard 

Andre  Amp6re 

Bohenberg 

Michael  Faraday 
Schweigger 
P.  Force 

Charles  Babbage. 
Prof.  Seebeck 
Michael  Faraday 
Ibbetson 
Joseph  Aapdin 
Sturgeon 


Barlow 


George  8.  Ohm 
John  Walker 
Fric<irich  Wohler 
George  S.  Ohm 

C<»wper  &  Applegarth 
J.  B.  Neilson 
William  Woodworth 
Joeeph  Henry 
St^quin 
John  Thorp 


1829  I  Samuel  Rust 

1829  I 

1829  I  A.  C.  Becquerel 

1830  ,  Brathwaite  ^  Ericsson 
1H31  I  Michael  Fara<lay 

1831  (L  J.  Guthrie 

1832  ,  Prof.  S.  F.  B.  Morse 
1832  '  SaxKm 

1832  Wm.  Sturgeon 

1832  Justus  von  Liebig 

1K32  M.  W.  Baldwin 

1832  Sir  Henry  James 

1833  I  George  Stephenson 

1833  i  Obed  Hussey 

1834  I  Cyrus  H.  McConnick 
1834  ,  \L  H.  Jacobi 

1834  j  Runge 

1S3.5  I  11.  Burden 

lS3r,  J.  P.  DanieU 

1H36  I  p:<lmund  Davy 


1S3»;       Samuel  Colt 
lK3t»       John  Eric^won 
1K41     i 


England 

Utd.  Suteo 

France 

Elni^huid 

En^aad 

EniJand 

En^and 

Germany 

Utd.  States 

France 

Gmnany 

Utd.  8Ute9 

France 

Germany 

En^and 

Gennany 

Utd.  Sutes 

Eni^and 

Fjigiand 

England 

Enfldand 

England 

England 


England 


Germany 
I'td.  Statw 
Germany 
Gennany 

F^ngland 
Scotland 
Utd.  States 
;  Utd.  States 
i  France 
I  En^and 


Utd.  States 


France 

England 

Eni^and 

Scotland 

Utd.  States 

Utd.  States 

England 

Germany 

Utd.  States 

England 

Enfpand 

Utd.  States 

Utd.  States 

Russia 

Germany 

Utd.  States 

England 

England 


Utd.  States 
Utd.  State? 

Eni^and 
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PROGRESS  OF  INVENTIONS— Conltnu«f. 


Inventionfl. 


I 


Indicator-telegraph 

Photographic  carbon  printing 

Babbitt  metal 

Vulcaniiation  of  rubber 

The  firet  boat  electrically  propelled 

Daguerreotype 

(First  to  produce  a  direct  photographic  posi- 
tive in  the  camera  by  means  of  highly  polifihed 

silver  surfaced  plate  exposed  to  the  vapors  of 

iodine  and  subsequent  development  with  mer- 
cury vapor.) 

Making  photo-prints  from  paper  negatives 

(First   production  of  positive  proofs  from 

negatives.) 

Photographic  portraits  (Daguerreotype 
prooeu. ) 

Vmt  incandescent  electric  lamp. 

Celestial  photography 

Artesian  well 

Pneumatic  caissons 

Pianoforte  automatically  played 

Water  gas,  utilisation  of. 

Steam  hammer 

Typewriting  machine 

First  telegram  sent 

The  use  of  nitrous  oxide  gas  as  an  ansBsthetic .  . 

The  electric  arc  light  (gas  reiort  carbon  in  a 
vacuum) 

First  telegraphic  message,  Washington,  Balti- 
more  

Automatic  adjustment  of  electric  arc  light  car- 
bons  

Double  cylinder  printing-press 

Pneumatic  tire 

Sewing  machine 

Printing  telegraph 

Sues  canal  started 

Ether  as  an  ansesthetic 

Electric  cautery 

Artificial  limbs 

Gun  cotton 

First  pianoforte  kesrboard  player 

Chloroform  in  surgery 

Nitro-glyceflne 

Time-lock 

Hoe's  lightning  pr<»s,  o^wble  of  printing  20,(XX) 
impressions  per  hour. 

Matcn-making  machinery 

Breech  g^n-lock,  interrupted  thread 

Magasine  gun 

Steam  pressure  gauge 

Lenticular  stereoscope 

I>atch  needle  for  knitting  machine .  .  . 

•  'Corliss"  engine 

Printing-press,  curved  plates  secured  to  a  ro- 
tating cylinder 

Merceriseu  cotton 

Collodion  process  in  photography 

American  maohine-made  watches 

Electric  locomotive 

Self-raker  for  harvesters 

Breech-loading  rifle 

Icemaking  machine 

Ophthalmoscope 

The  Ruhmkorn  coil 

FIre-iUarm  telegraph 

Reticulated  screen  for  half-tone  photographic 
printing 

Soda  process  of  making  pulp  from  wood 

Laws  of  magneto-electric  induction 

Laws  of  electro-statics 


Date. 

1837 
1838 
1839 
1839 
1839 
1839 


1839 


1839 
1840 
1840 
1840 
1841 
1842 
1842 
1842 
1843 
1844 
1844 

1844 

1844 

1845 
1845 
1845 
1846 
184G 
1846 
1846 
1846 
1846 
1846 
1846 
1847 
1847 
1847 

1847 
1848 
1849 
1849 
1849 
1849 
1849 
1849 

1849 
1850 
18.50 
1S50 
1851 
1851 
1851 
1851 
1851 
1851 
1852 

1852 
IH-SS 
1853 
1853 


Inventor. 

Cooke  &  Wheatstone 

Mungo  Ponton 

Isaac  Babbitt 

Charles  Goodyear 

Jacobi 

Louis  Daguerre 


Fox  Talbot 


Profs.  Draper  &  Morse 

Grove 

Draper 

M   Trigcr 

M.  Seytre 

Selligne 

James  Nasmyth 

Charles  Thurber 

Prof.  S.  F  B.  Morse 

Dr.  Horace  Wells 

L<^on  Foucault- 

Prof.  S.  F  B.  Morse 

Thomas  Wright 
R.  Hoe  &  Co. 
R.  W.  Thompson 
Elias  Howe 
House 
De  Lesseps 
Dr.  Morton. 
Crustfll 

Sch("»nbein 

Debain 

Dr.  Simpson 

Sobrero 

Savage 

Richard  M.  Hoe 
A.  L.  Denni.Hon 
Chambers 
Walter  Hunt. 
Bourdon 

Sir  David  Brewster 
J.  T.  Hibbert 
G.  H.  Corii.ss 

Jacob  Worms 
John  Mercer 
Scott  Archer 

Dr   Page 

W.  H.  Seymour 

Maynanl 

J.  Gorrie 

Helmholtz 

RuhmkorfT 

Channing  A  Fanner 

Fox  Talbot 
Watt  &  Burgess 
Michael  Faraday 
M\chae\  FatavWv 


Nativity. 


England 
France 
Utd.  States 
Utd.  States 
Germany 
France 


En^^and 


Utd.  SUtes 

England 

Utd.  States 

Paris 

France 

France 

France 

Scotland 

Utd.  States 

Utd.  States 

Utd.  States 

France 

Utd.  States 

England 
Utd.  States 
England 
Utd.  States 
Utd.  States 
France 
Utd.  States 
Russia 

Germany 

France 

Scotland 

Utd.  States 

Utd.  States 
Utd.  States 
Utd.  States 
Utd.  States 
France 
England 
Utd.  States 
Utd.  States 

France 
England 
England 
Utd.  States 
Utd.  States 
Utd.  States 
Utd.  States 
Utd.  States 
Germany 
Germany 
Utd.  States 

England 
Utd.  States 
England 
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pemura,  ndm  [urctiy  UMd  in  h 
IroD^eUd  flulint  batterica  Bnt  i 


Pmcmi  of  maliiDg  eteel,  blowi 

'DryplaU  phot^grmptv. 

Bieyele. 

SiHpins  «r 

Anitins  <ly» 

Prinrinc  nuhlne  fo 


tbe  blind  (con uini  ele- 


I.TTLfAi" 


Ca»1-oU  >int  n>I<l  I 

Pirxt    Bca-ffcdnc    injn-ciia    i 

■Glorie'V; 

Ground  wood  pulp, 

Inclined  sIcTatoruid  pUtlom 


i?frfi' 


Gr«l  Eutern  Imunctwd. 

Sinnjie  or  Berondsry  bsitety 

StniinR  lelejiboni , 

Ammnnla  »b»iirpliiin  in  mw Hne 

Sh«M<f  wine  mai-hino     . .     , 

Dnven  veil,  ■  tube  with  >  pinnted  peifomWil 

eod  drlvHi  into  the  (roaad 

Puwnrer  elevBlnr 

Barbol^ra  fflnn  inlra.ludsil 

C«lrium  wtWde  pnwiucerl 


GetlinE  m 
Pneunmiii 


Rutiberdental.plDlr.  . 


fiSsiiiSs'S 

^i^^. 

Snlphile  ptwc-^  I™  rnnUiu 

TOVer 

ul|.  fttm 

(iMdehe 

Sir  Henry  Bmami 
Dr.  J.  M.  Taupeno 
Emit  Uichaui 
WoodruS 
Pcrkina 

Alfred  E.  Beach 
Wm.  Siemeni 
T.  Kinoland 
"enrs.  Slout  &  Hi 

"TilaBh 
'right  A  Gould 


Charicx  Civke 


Dr.  R.  J.  Gallini 


l»m      MiinrrieF 

ItlRS    I  ('.  U  Sholea 

—'-:      A,  N>ibfl 

<     ,ll,»en 

W.  A.  Drickdl 


\tm    \  Uiivid  L.  Gar 
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DdiDC  gun4o«k.  .  .  . .  r 


eclatiou-bronjide  onulman  (buLB 
Hpiil  photocraphy) 


r  >ha(  llsht  u  udHtrf 

"^  ™  eoupton, 


ia1cAra;ihac  iilbtuuitypfl  proceB.  ...    . 

at«  hj  thifl  procn  an  pemiuient.) 

DqIfx  Idcenph. 

ao-iutuDide  pboiogruthia  amuLnioii  (m 
«iwn  Ici  llKbt  erettly  iDCrsswd  by  tl 
liBUion  of  &«a 

I  Rcnrdar  for  lubmaruie  t«legrmpbB   . 


p  piuiAer  for  Sour. . 


p  towmrdfl  Uie  divi»loa  of  the 


It  for  liiihtii] 


"eiprejMon"  of  mlf-  | 


>d  idvUHM  in 
iBf  puDoforU 


pbolosnphie  cunan  for  plsm.  . 

wLooia  bacilliB  nolAtvd 

pliobia  buiUiB  isol&ted 


1877     I  Emil  Berliner 
ISTB     I  T.  A.  Ediwn 


Bocliiid 
UtdfSlBIM 
Utd.  8ut« 


'ler'^Uiiwell 
;«w  Weflinsli 
•..  HTJuiney 


ChBrioi  Bcnnell 
Looke  &  WuiMl 
G  Lid  [tea  A  Vang 


Utd.  Sislw 
Utd.  BiBles 

Utd!  Sut« 

Utd!  8l»Ua 
Uld.  Stales 

Utd.  State* 


Utd.  Sut*> 
Utd!  StBlee 
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Inventions. 


Hydraulic  dredge 

Fiivt  electric  railway  in  United  States,  Hamp- 
den and  Baltimore,  Md 

Contact  <ievice  for  overhead  electric  trtilley.  . . 

Graphophone 

Electric  welding 

Combined  harvester  and  threnher 

Band  woo<l  saw 

Cyanide  procetw  of  obtaining  gold  and  silver.  . 

8y»tem  of  |>olyphaMe  electric  currents 

Incandescent  icas  light 

(The  formation  of  a  cone-shaped  interwoven 

mantle  of  thread  coated  with  a  refractory  rare 

earth  and  rendering  the  same  incandescent  by 

the  heat  rays  of  a  Bunsen  gas  burner  reganlless 

of  how  the  gas  is  pnMluce<l.) 

Process  of  annealing  armor  plate. 

"Kodak"  snap-shot  camera 

(Constructefl  to  use  a  continuous  sensitiied 

ribbon  film.) 

Process  of  making  artificial  silk 

Hertiian  waves  or  electric-wave  radiation.  ... 

First  rotary  cement  kilns  in  l*.  S 

Nickel  steel 

Pn>cess  for  making  aluminunu 

Electric  plow 

Improved  linotype  machine 

Bicycles  equipiied  with  pneumatic  tires 

Krag-Jc^rgensen  magazine  rifle .^ 

* 'Coherer"  for  receiving  electric  waves 

Rotary  steam  turbine 

Cement-line<l  pa|>er-pulp  digester 

Houiui  bale  cotton  press 

Microphone 

Power  l*M»ni 

Commercinl  application  of  formic-aldehyde.  .  . 

^Shoe-last  lathe,  for  <lifTerent  lengthsf 

'  Kinetoscojie.  ^ 

Proce.-ts  for  making  curb<»run<lum 

(^alrium  carbide  i)ro<luro<l  in  electric  furnace.  . 

I*r<»oess  for  licpirtyiTig  air 

Klectric  locomotive.  H.  A:  (>.  Hell  Tunnel 

X-rays   ....  ....  

Acptylcne  ki\<  from  <*alcitnii  carbide 

Systoin  of  win'lo^s  tcIoKraphy 

I'Vmmlation   lai<l   of  .mmoiicc  of  ra«li«Hactivity. 
i.iv,  crnauatioii  of  pcnct rating  rays  from  lunii- 
nc.««<*cnt  b<Mli<*s.  ...  

\'!<o  of  ultra-violet  rays  in  troatinK  <h>easCM.   . 

Ncrnst  electric  lixht 

(Meth<nl  of  rendering  a  clay  conipouiul   ca- 

pai>le  of  conductinK  electricity  an«l  thence  be- 
coming   briUiuntly    incamlocent     without     a 

vacuum.) 

Mercury  vapor  ele<"tric  lijrht 

(An  artificial  light  compose*!  strictly  of  the 

ultra-blue  violet  rays  of  the  spectrum  obtaine<l 

by  pa-sing  an  electric  current  through  a  |)artial 

vacuum   tube  filled   with  mercurv   vaj)or,  the 

latter   acting   as   a   comluctor.     l\)>«ses«.es   re- 
markable actinic  i)ower  for  photographic  pur- 

pose«. ) 

.\ir-Hhip 

•Automobile  mower 

The  first   pasM-ntrcr  -team   turbine  "^hip,  "K«l- 
war«i  \T  I.  " 

Tin-    fir-t    oil-but niiur    -team-hip    built    in    the 
I'liite"!  State-,  ■■\e\a<l:i" 

KiiKli^'h  I'a<-ifi<-  c-:ib|r.  ( ■an:nla-.\u-t  ralia. 

.\meri<-an  I*a<ilic  cabh-  . 

]hTlin-Zo>.-t'n  liond,  J 304  niiU"'  an  hour 


Date. 

1885 

1885 
1885 
1886 
1886 
1886 
1887 
1887 
1887 
1887 


Inventor. 


Nativity. 


1888 
1888 


1888 

1888 

1H89 

1889 

1889 

1890 

1890 

1890 

1890 

1891 

1891 

1891 

1K91 

1891 

1891 

1^92 

S93 

893 

893 

1893 

895 

895 

895 

1S95 

189ti 


lS9ti 
IKiMi 
1S97 


1901 

loni 

|(M)l 
I'.MIJ 
VMV.i 


Bowers 


C.  J.  Van  Depoele 
Bell  &  Tainter 
EUihu  Thompson 
Matteson 

D.  C.  Prescott 

Mc Arthur  A  Forrest 

Nicola  Tesla 

Carl  A.  Von  Wehibach 


Harvey 

E^tman  A  Walker 


H.  DeChardonnet 
Heinrich  Herti 

Schneider 
Chas.  M.  Hall 
W.  Stephens 
Ottmar  Mergenthaler 

Krag-JOrgensen 

I'Alouard  Hranly 
■  ("!.  A.  Parsons 

G.  F.  Rus.sell 
i  Brown 
I  Emile  Berliner 

Northrup 

J.  J.  A.  Trillat 

Kimball 
!  T.  A.  E<lison 

E.  G.  Achfwon 

Thos.  L.  Willson 

Carl  Limle 

Prof.  W.  C.  Roentgen 
Thomas  L.  Willson 
G.  Marconi 


Henri  Becquerel 
Niels  H.  Finsen 
Walter  Nernst 


1900       Peter  Coojier  Hewitt 


M.  Santo.s-Dimiont 
Deering  Harvester  Co 

Dennv  iV  Brothers 


rtd.  States 


Utd.  States 
rtd.  States 
Utd.  States 
rtd.  States 
Utd.  States 
Utd.  States 
Utd.  States 
Austria 


Utd.  Sutes 
Utd.  States 


France 
Germany 
Coplav,  Pa. 
Utd.  States 
Uttl.  States 
Ut^l.  States 
Germany 

Utd.  States 
Englanil 
England 
Ut«i.  States 
ITtd.  States 
Utd.  States 
Vul  States 
France 
Utd.  States 
Utd.  States 
Utd.  States 
Utd.  States 
Germany 
Utd.  States 
Germany 
Utd.  States 
Italy 


France 

Denmark 

Germany 


Utd.  States 


France 
Utd.  States 

England 


Utd.  States 
Germany 
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GENERAL   INFORMATION   REGARDING   PATENTS. 


What  is  a  Patent? — Tlie  term 
patent  or  letterg  patent  is  derived  from 
littcrae  patvntes,  signifying  that  which 
is  open  or  disclosed  in  contradistinc- 
tion to  lettre  de  cachCy  that  which 
is  !i4ealed  or  secret.  This  term  is  the 
keynote  of  the  whole  principle  upon 
which  the  patent  system  is  huilt  up. 
namely,  disclosure.  The  disclosure 
must  be  honest,  absolute  and  unre- 
served. The  penalty  for  mental  crook- 
edness or  for  ignorance  in  giving  out 
fully  and  freely  the  nature  of  the  in- 
vention is  severe  and  direct  and  is 
nothing  less  than  forfeiture  of  the  pat- 
ent itself.  The  reason  for  this  is  per- 
fectly logical  and  arises  from  the  very 
meaning,  spirit  and  nature  of  the  re- 
lationship existing  between  the  pat- 
entee and  the  government.  The  term 
of  a  patent  is  17  years.  During  this 
term  of  17  years  the  patentee  obtains 
a  monopoly  under  which  he  secures  ex- 
clusive right  of  manufacture,  use  and 
sale.  The  patent  itself,  however,  is  in 
the  nature  of  a  contract  between  the 
patentee  and  the  government,  presu- 
mably for  their  mutual  benefit.  The 
government  grants  to  the  inventor  the 
exclusive  right  of  manufacture  and 
sale  for  17  years  on  condition  that  the 
inventor  shall  disclose  fully  the  nature 
of  his  invention  or  discovery,  and  shall 
allow  the  public  the  unrestricted  use 
of  the  invention  after  this  term  has 
expired.  If  he  fail  in  making  full  dis- 
closure, he  has  not  lived  up  to  the 
terms  of  the  implied  contract  and  the 
patent  thereby  becomes  null  and  void. 
It  sometimes  happens  that  an  inventor 
discloses  freely  part  of  the  invention, 
hut  cunningly  conceals  some  essential 
step  in  the  process,  but  if  the  case  is 
tested  within  the  courts  and  the  real 
facts  are  brought  to  light,  the  patent 
will  be  declared  invalid.  At  the  end 
of  the  term  of  17  years  the  patent  be- 
comes public  property,  and  the  article 
may  be  freely  manufactured  by  any 
one.  It  can  never  thereafter,  as  in  so 
many  cases  in  the  Middle  Ages,  be- 
come a  lost  art. 

Who  May  Obtain  a  Patent? — In 
order  to  secure  a  valid  patent,  the  ap- 
plicant must  declare  upon  oath  that  he 
believes  himself  to  be  the  true,  original 
and  first  inventor  or  discoverer  of  the 
art,  machine,  manufacture,  composi- 
tion or  improvement  for  which  ho  so- 
licits a  patent ;  that  he  does  not  know 
and  does  not  believe  that  the  sanip  wn** 
ever  before  known  or  used :  and  that 
the  invention  has  not  been  in  public 


use  or  on  sale  in  the  United  States  for 
more  than  two  years  before  the  appli- 
cation was  filed,  and  that  the  inven- 
tion has  not  been  described  in  any 
printed  publication  for  more  than  two 
years  prior  to  the  filing  of  the  appli- 
cation. Any  one  who  can  subscribe  to 
the  above  conditions  may  apply  for  a 
patent,  irrespective  of  race,  color,  age, 
or  nationality.  Minors  and  women 
and  even  convicts  may  apply  for  pat- 
ents under  our  law.  The  rights  even 
of  a  dead  man  in  an  invention  are  not 
lost,  for  an  application  may  be  filed  in 
his  name  by  his  executor  or  adminis- 
trator, and  the  rights  of  his  heirs 
thereby  safeguarded.  The  patent  in 
this  case  would  issue  to  the  executor 
or  administrator  and  would  become 
subject  to  the  administration  of  the 
estate  like  any  other  property  left  by 
the  deceased.  Even  the  rights  of  an 
insane  person  may  not  be  lost,  as  the 
application  may  be  filed  by  his  legal 
guardian.  If  foreign  patents  for  the 
same  invention  have  been  previously 
issued,  having  been  filed  more  than  12 
months  before  the  filing  of  the  United 
States  application,  the  patent  would 
be  refused.  The  applicant  must  state 
his  nationality.  It  often  happens  that 
two  or  more  individuals  have  jointly 
worked  uiwn  the  invention,  and  in  this 
case  the  several  inventors  should  joint- 
ly apply  for  the  patent.  Should  they 
not  so  apply,  the  patent  when  issue<1 
would  be  invalid.  If  they  are  merely 
partners,  however,  and  not  co-invent- 
oi*8,  they  should  not  apply  jointly  for 
a  patent,  as  the  inventor  alone  is  en- 
titled to  file  the  application.  He  may. 
however,  assign  a  share  in  the  patent 
to  his  partner,  coupled  with  the  re- 
quest that  the  ])atent  should  issue  to 
them  jointly.  It  is  of  the  greatest  im- 
portance that  these  distinctions  should 
l)e  <'learly  understood :  otherwise,  the 
patent  may  be  rendered  invalid. 

Wit  AT  May  be  Patented? — Any 
urir  and  usrfitl  art,  machine,  manufac- 
ture or  oonipos'tion  of  matter,  or  anj' 
new  and  useful  iniprovonients  thereon. 
The  tiling  invented  nnist  be  nrtr  and 
uficfiil.  These  are  <onditions  precedent 
to  the  granting  of  a  patent.  Of  these 
two  conditiors  by  far  the  more  import- 
ant is  the  former,  and  it  is  concerning 
the  interpret  at  ion  of  this  word  *'/irir" 
and  its  l?earin^  upon  the  invention 
that  the  T)rin(ipnl  work  and  labor  in- 
volved in  r)as-inp  an  ar>plicatinn  safely 
through  the  I*atent  Office  is  involved. 
When  t\\o  \i\vei\\\ow  V^-^^  X^^.^'W  >Nc\\Nk<?$^ 
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out  by  the  inventor  and  he  is  pre- 
pared to  file  his  application,  his  attor- 
ney nrenares  the  nele8.^ary  papers,  as 
provided  for  by  law,  nnm^iv :  An 
Oath,  a  Petition,  a  Specification  con- 
sisting of  a  description  of  the  inven- 
tion and  concluding  w.th  ciaims  which 
npecifically  set  forth  what  the  inventor 
claims  to  be  the  novel  features  of  the 
invnntion,  and  drawings  which  are  pre- 
pared nnd  filed  with  the  case,  and  in 
due  course  the  application  ih  ready 
for  examination  in  the  Patent  Office. 
The  question  of  whether  the  invention 
is  new  is  then  considered,  and  the  bur- 
den of  ])roof  that  the  invent  ion  is  not 
new  rests  upon  the  Patent  Office.  The 
examination  conHists  in  searching 
through  the  files  of  the  PatiMit  OflSce 
among  the  nntentM  that  havi*  l>een  al- 
ready issued,  and  through  si  ch  litera- 
ture as  nijiy  bear  upon  the  subject. 
If  any  referenci»  is  discovered  that  an- 
ticipntes  the  invention,  as  defined  by 
the  claimM  of  the  siMK'ification,  the  an- 
plicnnt  is  informed  of  the  fact,  and  he 
is  allowed  to  amend  his  papers  and 
narrow  the  claims  so  as  to  avoid  the 
prior  ftntentH,  if  possible.  If  his  at- 
torney considers  the  position  of  the 
Patent  Oflice  untenable,  he  may  pre- 
sent arguments  to  show  wherein  he  be- 
lievcH  that  the  inventor  is  entitled  to  a 
patent.  It  is  thus  Keen  that  the  ques- 
tion of  whether  an  invention  is  new  is 
one  of  fact,  and  one  of  the  greatest 
importance,  nnd  Ufion  the  showing  that 
the  inventor  is  able  to  make  during 
the  proserin  ion  of  the  case,  depends 
l«rj:<'ly  the  future  hucccmh  of  the  pat- 
ent. The  evidcnr»»  nddnci^d  in  proving 
tbat  t)i(>  iiiv«>rition  is  not  new  must  be 
t:in>ril»lc  niwi  nrccsslMe.  A  patent 
would  not  be  n«t*usc(l  or  overturned  on 
ii  men-  iiHMitji!  coiicj'pt.  There  must 
Im»  some  evidciMT  of  n  siibslnntia)  cbar- 
jK'tcr  that  serves  to  show  that  the 
earlier  i(h»a  was  reduced  to  practice 
or  at  least  that  th«Tc  was  su<'h  a  (1«»- 
scription  or  drawiiiL'  iiimjIc.  as  would 
be  siinii'icut  for  one*  skilled  in  the  art  to 
r<'diic»'  the  invention  to  pra<-ti<e.  If  it 
has  not  l>c(Mi  a<'tually  reduced  to  pra<'- 
tice,  it  rniist  he  a  concrete  not  an  ab- 
stract i«lca. 

It  is  <'ssenfial  that  the  apjdication 
for  a  patent  should  he  tiled  Itefure  the 
invf'Ution  has  be(»n  in  i)ublic  use  or  on 
sale  ff)r  a  period  of  two  years.  If  the 
inventor  has  publicly  unod  or  sold  his 
invention  for  a  ijeriod  of  two  years,  it 
b(M'on)«*«  piiMie  proi)erty  and  he  can- 
not r<"jrain  the  riL'ht  to  obtain  a  ])at- 
ent.  He  may.  hovvever.  make  models 
ni)(]  e\;)erin)ent  with  his  invention  for 


a  much  longer  period,  provided  be  does 
not  disclose  his  invention  to  the  pub- 
lic or  put  it  into  actual  use  or  on  sale 
for  a  period  of  two  years.  The  word 
**U8efur*  is  not  one  which  usually 
gives  either  the  Patent  Office  or  the 
inventor  a  great  deal  of  trouble,  as 
any  degree  of  utility-,  however  insignifi- 
cant, will  serve  to  entitle  the  invent- 
or to  a  patent.  It  has  often  hap- 
pi'ned  that  an  invention  which  ap- 
pears, at  the  time  the  patent  is  ap- 
plied for,  to  have  no  special  utility,  in 
later  years,  owing  to  new  discoveries 
or  improvements  in  the  arts,  is  found 
to  possess  the  "greatest  merit  and 
value.  I'nless  an  invention  is  posi- 
tively meretricious,  therefore,  it  is 
difficult  to  assume  that  it  either  has  no 
utility  or  never  will  have  any.  Pat- 
ents are  granted  for  "any  new  and 
useful  art,  machine,  manufacture  ur 
composition  of  matter,  or  any  improve- 
ment thereon."  It  is  seen  from  the 
terms  of  the  statute  tbat  almost  any 
ci*eature  of  the  inventive  faculty  of 
man  becomes  a  proper  subject  for  a 
patent.  The  exceptions  are  very  few. 
Patents  will  not  be  granted,  for  ex- 
ample, for  any  invention  that  offends 
the  law  of  nature.  I'nder  this  cate- 
gory may  be  mentioned  i)eri)etual  mo- 
tion machines.  In  case  an  application 
of  this  character  is  presented,  the 
Commissioner  politely  informs  •  the 
applicant  that  the  matter  cannot  l)e 
considered  until  a  working  model 
demonstrating  the  principle  of  the  in- 
vention has  been  deposited  in  the  Pat- 
ent Otfice.  Inventions  of  an  immoral 
nature  will  not  be  considered.  Medi- 
cines and  specifics  are  not  now  proi>er 
subjects  for  letters  patent,  unless  some 
important  new  discovery  is  involvetl. 

1*ATFNTED        ARTICLES        MuST        BK 

Makkfi). — Articles  manufactured  and 
sold  under  a  patent  must  be  so  mark^nl 
tbat  the  public  shall  have  notice  thai 
th<»  article  is  a  patented  one.  This 
notice  consists  of  the  word  "Patented." 
tou'Mher  with  the  date  when  the  patent 
was  issued  or  the  Serial  Numl)er  of  the 
patent.  Damages  in  an  infringement 
suit  cannot  be  recovered  unless  the 
<]efeudaut  has  received  such  noti<*e 
that  the  article  is  patented.  The  term 
of  a  I'nited  States  patent  Is  17  years. 
T*liis  term  cannot  be  extended  exo^ut 
by  si)ecial  Act  of  Congress.  It  is 
inaTjy  years  j-ince  a  bill  seeking  an  ex- 
tension of  the  term  of  a  patent  has 
been  passed  hv  (^ongresa. 

Ai'PKM.s.  If  an  application  for  a 
I)atont  has  been  reiected,  the  app]i(*ant 
may  appeal  from  the  Primary  Examin- 
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oard  of  EiXaminera-in-Cbief. 
jrther  carry  the  appeal  to 
issioner  of  Patents,  and  in 

not  satisfied  with  the  lat- 
1,  he  may  carry  the  appeal 
he  Court  of  Appeals  of  the 
Columbia. 

RKNCE. — If  two  or  more  in- 
ball  have  invented  the  same 

about  the  same  time,  inter- 
)ceeding8  may  be  instituted 
ne  which  applicant  is  the 
first  inventor.  Interference 
I  are  instituted  between  ap- 
iiose  applications  are  pend- 
veen  a  pending  application 
nt  already  issued,  provided 
patent  has  not  been  issued 
nan  two  years  prior  to  the 
:he  conflicting  application, 
•dings  are  conducted  before 
ner  of  Interferences.  Ap- 
«  taken  from  the  Examiner 
ences  to  the  Board  of  Ex- 
Chief,  and  from  the  Board 
»rs-in-Chief  to  the  Commis- 

thence  to  the  Court  of  Aj)- 
i  District  of  Columbia.  Not 
ms  for  a  patent  are  neces- 
Ived,  only  such  as  cover  the 

feature  of  the  invention 
<'lared  to  be  in  interference, 
cessful  applicant   by   climi- 

claims  or  claim  in  contro- 

procure  allowance  of  the 
IS  not  objected  to,  and  have 
issued.  In  determining  the 
'  priority  of  invention,  wit- 
examined  and  the  proceed- 
mducted  much  in  the  same 
in  a  suit  at  law.  The  first 
proceeding  consists  in  filing 
'ommissioner  a  Preliminary 
made  un«ler  oath,  giving  the 
lich  the  invention  was  first 
ind  reduced  to  some  tnngi- 
uch  as  the  making  of  draw- 
onstniction  of  a  model,  or 
ing  of  the  invention  to  an- 
e  object  of  the  Hubsequent 
n  and  rross-examination  is. 
tiate  the  date  of  invention 

by   the  applicants   rospcc- 
to  establish  the  t>riority  of 

EMENT. — In  case  of  an  ao- 
e  infringement  of  a  patent, 
unce  of  the  question  of  nov- 
•s  from  the  special  plpadines 
defendant  may  enter,  which 
>W8: 

for  the  purpose  of  dtM'oiving 
the  description  and  sp»Mifi- 
by  the  patentee  in  the  I*at- 
was   made   to  contain    less 


than  the  whole  truth  relative  to  his 
invention  or  discovery,  or  more  than  is 
necessary  to  produce  the  desired  effect ; 
or. 

2.  That  he  had  surreptitiously  or 
unjustly  obtained  the  patent  for  that 
which  was  in  fact  invented  by  another, 
who  was  using  reasonable  diligence  in 
adapting  and  i>erfecting  the  same;  or, 

3.  That  it  had  been  patented  or  de- 
scribed in  some  printed  publication 
prior  to  his  supposed  invention  or  dis- 
covery thereof ;  or, 

4.  That  he  was  not  the  original  and 
first  inventor  or  discoverer  of  any 
material  and  substantial  part  of  the 
thing  patented ;  or. 

5.  That  it  has  been  in  public  use 
or  on  sale  in  this  country  for  more 
than  two  years  before  his  application 
for  a  patent,  or  had  been  abandoned 
to  the  publir. 

Damages  for  infringement  of  a  pat- 
ent may  be  recovered  by  action  on  the 
rase  in  the  name  of  the  patentee  oi; 
his  assignee.  The  courts  having  juris- 
diction over  such  cases  have  the 
power  ( 1 )  to  grant  injunctions  against 
the  violation  of  any  right  secured  by 
the  patent;  (2)  to  allow  the  recovery 
of  damages  sustained  by  the  complain- 
ant through  such  infringement.  In 
such  a  case  the  defendant  is  compelled 
to  furnish  an  accounting  showing  the 
amount  of  the  articles  manufactured 
and  sold  and  the  profits  derived  from 
such  sale. 

Desigx  Patents. — Design  patents 
are  issued  for  any  new  or  original  de- 
sign, whether  it  be  a  work  of  art, 
statue,  bas-relief,  design  for  prints  or 
fabrics,  or  for  any  new  design  or 
shape  or  ornament  in  any  article  of 
manufacture.  The  scope  of  the  de- 
sign patent  was  formerly  very  broad, 
l)ut  recent  decisions  and  enactments 
have  greatly  restricted  its  availability 
and  a  design  patent  cannot  now  be  ob- 
tained tinlcss  it  iMjsscsses  some  inher- 
ent artistic  quality.  Mere  utility  is 
not  sufficient  to  entitle  a  now  design 
to  letters  patent.'  The  terms  of  design 
patents  are  3  1-2.  7  or  14  years. 

Cavkats. — Any  one  who  has  made 
a  n(»w  invention  or  discovery,  which  is 
not  yet  completed  or  perfe<'ted,  may 
file  in  the  Patent  Ofiice  a  caveat,  de- 
scribing his  invention,  said  caveat 
serving  as  notice  to  the  Patent  Office 
that  the  caveator  is  in  possession  of  a 
certain  invention  partly  developed,  for 
which  later  he  propos<»s  to  file  an  ap- 
plication for  a  patent.  Tlie  caveat  is 
filed  by  the  Commission  in  the  secret 
archives  of  the  PalQiiX  O^v^,  vsi^  \^ 
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operative  for  a  term  of  one  j-ear.  The 
term  may  l>e  prolonged  from  year  to 
year  by  the  payment  of  a  small  fee. 
The  caveat  should  not  be  confounded 
with  a  patent,  for  it  gives  the  inventor 
no  real  protection  or  monopoly.  It 
simply  entitles  him  to  notice  in  case 
another  inventor  files  an  application 
for  the  same  invention.  In  this  event 
the  caveator  is  entitled  to  three 
months'  grace  within  which  to  file  his 
patent  application,  whereupon  an  in- 
terference will  be  declared  between  the 
two  inventions. 

Assignments. — A  patent  or  any  in- 
terest therein  may  be  sold  or  assigned 


like  any  other  piece  of  property.  An 
inventor  may  sell  or  assign  his  in- 
terest or  a  part  interest  in  his  inven- 
tion, either  before  the  application  is 
filed  or  while  the  application  is  still 
pending.  Under  these  circumstances 
the  patent  may  be  issued  to  the  as- 
signee or  to  the  inventor  and  assignee 
jointly.  The  patent,  if  already  issued, 
may  be  assigned  by  the  owner  whether 
he  be  the  inventor  or  assignee.  The 
I'onveyance  is  effected  by  an  instru- 
ment in  writing  stating  the  conditions 
under  which  the  patent  is  assigned, 
and  the  assignment  should  be  recorded 
in  the  Patent  OflSce. — Enc.  Americana. 


ABSTRACTS  OF  DECISIONS. 


Where  an  inventor  has  completed 
his  invention,  if  he  neither  applies  for 
a  patent  nor  puts  it  to  practical  use. 
a  subsequent  inventor  who  promptly 
applies  is  entitled  to  the  patent,  and 
the  first  one  is  deemed  to  have  aban- 
doned his  rights.  Pattee  v.  Russell, 
3  O.  G..  181  ;  Kx  parte  Carre,  5  O.  G., 
30;  .Tohnson  v.  Root.  1  Fisher,  351. 

As  between  two  rival  inventors,  the 
test  of  priority  is  the  diligence  of  the 
one  first  to  conceive  it.  If  he  has  been 
diligent  in  perfecting  it,  he  is  entitled 
to  receive  the  patent.  If  he  has  been 
negligent,  the  patent  is  awarded  to 
his  opponent.  Robinson  on  Patents. 
Sec.    375. 

The  construction  and  use  in  public 
of  a  working  machine,  whether  the  in- 
ventor has  or  has  not  abandoned  it. 
exclu(l«\s  the  grant  of  a  patent  to  a 
subso<inont  inv<'ntor.  An  abandon- 
ment in  such  case  inures  to  the  l)ene- 
fit  of  the  pubru"  an<l  not  to  the  bene- 
fit of  n  snbse<iiiont  inventor.  Yonng  v. 
Van   Dnsor.   1(»  O.  G..  0."). 

A  mere  aggregation  or  <*oml)ination 
of  old  d<>vires  is  not  patentable  when 
the  elements  are  iinelmnged  in  funr- 
tion  and  cffvrt.  They  an*  patentable 
when.  •M)y  the  action  of  the  elements 
upon  each  other,  or  liy  their  joint  a<'- 
tion  on  their  common  object,  they  per- 
form additional  functions  and  a<-com- 
plisli  additional  effects."  Robinson  on 
I*a tents.   Se<-.    l.'l. 

A  change  of  sliajM?  enabling  an  in- 
strument to  perform  new  functions  is 
invention.  Wii'^on  v.  Coon.  IS  Blatch. 
r»:Jl>;  CoUar  (%..  v.  White,  7  O.  <;.. 
fWK),  S77. 

\  patent  which  is  simply  for  a  meth- 
od of  transactinc  business  or  ki'cpins 
ncc(uints  is  not  valid.  W  S.  Cre<lit 
Svstem    T'o.    V.    Amcri<an     In<h*mnify 

Co..  <>:i  o.  <;..  ;]i8. 


The  law  requires  that  manufactur- 
ers of  patented  articles  give  notice  to 
the  public  that  the  goods  are  patented 
by  marking  thereon  the  date  of  the 
patent  or  giving  equivalent  notice. 
When  this  law  is  not  complied  with, 
only  nominal  damages  can  l)e  recov- 
ered. Wilson  V.  Singer  Mfg.  Co.,  4 
Bann.  &  A.  037;  McCourt  v.  Brodie. 
5  Fisher.  .384. 

To  prevent  fraudulent  impositions 
on  the  public  it  is  forbidden  that  un- 
patented articles  be  stamped  "Pat- 
ente<l."  and  where  this  is  done  with 
intention  to  deceive,  a  penalty  of  one 
hundred  dollars  and  costs  for  each 
arti<'le  so  stamped  is  provided.  Any 
person  may  bring  action  against  such 
offenders.  Walker  v.  Hawxhurst,  5 
Blatch.  404 ;  Tompkins  v.  Butterfield. 
25  Fed.  Rep.  556. 

A  patentee  is  bound  by  the  limita- 
tions imi>osed  on  his  patent,  whether 
they  are  voluntary  or  enforced  by  the 
Patent  Oflice,  and  if  he  accepts  claims 
not  covering  his  entire  invention  he 
abandons  the  remainder.  Toepfer  v. 
(Joetz,  41   O.  (;.,  a33. 

(Claims  should  be  construed,  if  pos- 
sible, to  sustain  the  patentee's  right  to 
all  he  has  invented.  Ransom  v.  Mayor 
of  N.  Y.   (lS,->«).  Fisher,  252. 

The  assignor  of  a  patented  invention 
is  estopped  from  denying  the  validity 
of  his  own  patent  or  his  own  title  to 
I  the  interest  transferred.  He  cannot 
'  become  the  owner  of  an  older  patent 
,  and  hold  it  against  his  assignee.  Rob- 
'    inson  on  Patents,  Sec.  787,  and  notes. 

.\ny  assignment  which  does  not  con- 
vey to  the  assignee  the  entire  and  un- 
qualified monopoly  which  the  patentee 
hoi<ls  in  the  territory  specified,  or  an 
undivided  interest  in  the  entire  mo- 
nopoly, is  a  mere  licenw.  Sanford  v. 
.Mess<r,  2  O.  G..  470. 
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FOREIGN    PATENTS. 


>A,  Dominion  of. — ^The  laws 
la  follow  somewhat  closely  the 
in  the  United  States.  The 
{  patent  is  18  years.  Tlie  gen- 
!tice,  however,  is  to  divide  the 
king  payment  only  for  a  term 
ars  at  one  time.  Applications 
iected  to  examination  as  to 
and  usefulness,  as  in  the 
Uates.  The  application  must 
n  Canada  not  later  than  dur- 
'ear  following  the  issue  of  the 
States  or  other  foreign  patent, 
yen  tor  neglects  to  file  his  ap- 

within  the  12  months,  the 
I  becomes  public  property.  It 
ermissible  to  import  the  pat- 
tide  into  the  Dominion  after 
18  from  the  date  of  the  Cana- 
ent.  Within  two  years  from 
;  the  manufacture  and  sale  of 
le  under  the  patent  must  have 
nn.  These  exactions  may  be 
mder  certain  conditions. 

Britain. — The  term  of  the 
I  14  years.  After  January, 
examination  will  be  made  in 
tritain  to  ascertain  whether 
ktion  has  been  disclosed  in  the 
:ion8  of  British  patents  grant- 
1  fifty  years  of  the  filing  of  the 
pplication.  While  this  will  bo 
It  of  the  examination  by  the 
Office,  it  will  be  sufficient  to 
e  a  British  patent  to  show  in 
it  the  invention  was  published, 
in  public  use,  in  Great  Brit- 
•e  the  priority  of  the  British 
on.  In  Great  Britain  the  true 
should  apply  for  the  patent  in 
lame :  but  if  the  invention  has 
iceived  in  a  foreign  country. 
Introducer  may  obtain  the  pat- 
her  he  be  the  true  inventor  or 
der  these  circumstances,  there- 
)reign  assignee  may  apply  for 
nt  in  his  own  name  without 
inventor  being  known.  After 
h  year  there  are  annual  taxes, 
r  increasing  in  amount.  The 
pcomes  void  if  the  tax  is  not 
D  time  is  set  within  which  the 
ture  of  the  invention  must  be 
ed,  but  after  three  years  if  the 
ture  has  not  been  begun,  the 
may  be  compelled  to  grant  li- 
r  the  patent  may  be  declared 

!E. — The  term  of  a  patent  is 
There  is  no  examination  as 
:y.  and  the  patent  is  granted 
rst  applicant,  whetlier  or  nol 
e  true  inventor.     Tho  life  of 


the  patent  depends  upon  the  payment 
of  annual  taxes.  The  patent  must  be 
worked  in  France  within  three  years 
of  the  filing  of  the  application.  If  these 
conditions  are  not  complied  with,  the 
patent  becomes  public  property. 

Germany. — The  term  of  a  patent  is 
15  years.  The  patent  is  issued  to  the 
first  applicant,  but  if  he  is  not  the  true 
inventor  he  should,  before  filing  the 
application,  obtain  the  written  consent 
of  the  inventor.  The  application  is 
subjected  to  a  rigid  examination.  The 
patent  is  subject  to  an  annual  progres- 
sive tax,  and  must  be  worked  within 
a  period  of  three  years. 

Austria. — The  term  of  a  patent  is 
15  years.  The  practice  is  somewhat 
similar  to  the  practice  in  Germany, 
although  the  examination  is  generally 
not  so  exacting.  The  patent  is  subject 
to  an  annual  tax  and  it  must  be 
worked  within  a  period  of  three  years. 

Hungary. — The  term  of  a  patent  is 
15  years.  The  laws  are  similar  to 
those  of  Germany.  There  is  a  progres- 
sive annual  tax  and  the  patent  must  be 
worked  within  a  period  of  three 
yea  rs. 

Belgium. — The  term  of  a  patent  is 
20  yeai*s.  The  first  applicant  obtains 
the  patent  whether  or  not  he  is  the 
true  inventor.  There  is  a  small  an- 
nual tax,  and  the  patent  should  be 
worked  within  three  years  or  within 
one  year  of  the  working  elsewhere. 

Italy. — The  term  of  a  patent  is  15 
years  The  patent  is  granted  to  the  first 
applicant.  The  patent  is  subject  to  an 
annual  tax.  and  the  working  must  take 
place  within  three  years. 

Russia. — The  term  of  the  patent  is 
15  years.  The  patent  is  subject  to  the 
payment  of  annual  taxes  and  must  be 
worked  within  five  years. 

Spain. — The  term  of  the  patent  is 
20  years,  subject  to  the  payment  of  an- 
nual taxes.  It  must  \>e  worked  within 
three  years.  The  ])atent  is  issued  to 
the  first  applicant,  whether  or  not  he 
be   the   true    inventor. 

SwiTZEKLAXn. — The  term  of  the 
patent  is  15  yenrs,  subject  to  an  an- 
nual tax.  Working  must  take  place 
within  three  years.  Only  the  true  in- 
ventor or  his  assignee  can  obtain  a 
patent. 

Norway. — Term  of  patent  is  15 
years,  subject  to  a  small  annual  tax. 
The  patent  must  be  worked  within 
three  years.  Tlie  application  must  l>e 
filed  in  the  name  of  the  true  iuvoul<^\: 
or  hia  \oga\  rev)tesvn\\sv\\\^,     N.\vv\\v\5^- 
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tion  must  be  filed  within  six  months  of 
the  publication  of  any  prior  patent. 

Sweden. — Term  of  patent  is  15 
years,  subject  to  payment  of  an  an- 
nual tax.  The  conditions  are  very 
similar  to  the  laws  of  Norway,  but  the 
application  should  be  filed  before  the 
issuing  of  a  prior  foreign  patent. 

Denmark. — The  laws  are  similar  to 
those  of  Sweden. 

Portugal. — The  term  varies  from 
1  to  15  years,  the  fees  payable  depend- 
ing upon  the  term  of  the  patent. 

Holland  has  no  patent  laws. 

Australasia.  —  The  Australasia 
patent  protects  an  invention  in  Vic- 
toria, New  South  Wales,  Queensland, 
South  Australia.  Tai«mania  and  West- 
ern Australia,  but  not  in  New  Zealand, 
which  has  its  own  patent  laws.  The 
term  of  the  Australia  patent  is  14 
years,  a  tax  being  due  before  the  ex- 
piration of  the  seventh  year.  When 
the  patent  is  not  worked  the  patentee 
may  be  required  to  give  license  for  a 
reasonable  consideration. 

New  Zealand. — The  term  of  the 
patent  is  14  years,  taxes  being  due  be- 
fore the  end  of  the  fourth  and  sev- 
enth 3'ears.  There  are  no  require- 
ments as  to  working. 

Britisu  India. — The  patent  is 
granted  for  14  y^ars,  and  closely  fol- 
lows the  British  practice.  The  appli- 
cation should  lie  filed  within  one  year 
of  the  issue  of  the  patent  in  any  otluM- 
country. 

I*orto  Uico. — It  is  possible  to  pro- 
cure protection  for  industrial  property 
by  registering  a  certified  copy  of  the 
Ignited  Stutes  patent  with  the  Civil 
(Jovernor  and  ctunplyiiig  with  the  other 
legal  formalities. 

Philippines. — Tin*  modus  operandi 
is  the  same  as  that  just  described  as 
applying  to   Porto   Kico. 

CiBA. — Sinrc  ('ul)a  has  become  an 
independent  repul)li<'  it  has  estal»lisho(l 
a  patent  system.    The  term  of  the  pat- 


ent is  17  years.  Working  should  be 
established  within  one  year.  No  taxes 
after  the  issue  of  the  patent. 

Mexico. — The  term  is  20  years. 
There  are  no  taxes  after  the  issue  of 
the  patent. 

South  American  Republics.— 
Patents  are  issued  by  all  the  South 
American  republics.  Tlie  principal 
countries  in  which  patent  prote<.'tion 
is  sought  are  Brazil,  in  which  the  laws 
are  quite  favorable  to  foreigners,  Chile 
and  Argentina.  Patents  are  also  fre- 
quently secured  in  Venezuela,  Peru, 
Ecuador,  Colombia  and  Paraguay,  hut 
only  for  certain  classes  of  invention, 
owing  to  the  expense  involved  in  pro- 
curing the  patents. 

South  Africa. — Patents  are  obtain- 
able in  four  important  states.  Cape 
Colony,  Transvaal,  Congo  Free  State 
and  Orange  Free  State. 

Japan  has  recently  enacted  a  sys- 
tem of  patent  laws  on  a  liberal  basis. 

China  has  no  patent  laws  nor  pat- 
ent office. 

The  conditions  under  which  foreign- 
ers may  file  applications  in  the  coun- 
tries having  patent  laws  vary  great- 
ly, and  no  attempt  has  lieen  made 
to  specify  under  what  conditions  ap- 
plications may  be  filed.  In  most  coun- 
tries, however,  the  issuance  of  a  prior 
foreign  patent  will  either  defeat  the  is- 
suance of  the  patent  subsequently  ap- 
plied for  in  another  <'ountry,  or  will 
render  the  patent  invalid  even  if  it  is 
issued,  (ireat  care  should  lie  taken, 
therefore,  to  avoid  having  a  foreign 
patent  issue  at  such  a  time  as  to  en- 
danger the  life  of  the  patent  at  home. 
The  many  dangers  and  difficulties 
which  have  arisen  from  the  differing 
laws  and  the  varying  practice  in  dif- 
ferent countries  have  led  to  the  es- 
tablishment of  rectifying  provisions 
which  lessen  these  various  disparities 
and  rendering  them  innocuous. 

— Encyclopfdia  Americana, 


PATENT    LAWS    OF    THE    UNITED    STATES. 


(The  Constitutional  Provision. — 
Tile  Congress  shall  have  i)ower  *  *  * 
to  promote  the  progress  of  Science 
arnl  I'sefui  Arts.  |)y  securing  for  limit- 
ed l^imes  to  Autliors  and  Inventors 
th<'  exclusive  Right  to  their  respective 
Writings    and    Discoveries.) 

STATTTES. 
OIU.AMZATIOX    OF   TIIK   TATKNT  OFirCK. 

TiTl.K  XI.  Itev.  Slat..  1).  S(»: 
Sec,  47."!.      Tiu-re  sliall  he  in  the  1  )e- 
]>4'iriw('ji}    of    tlje    Interior    an    o\\\<v 


I    known  as  the  Patent  Office,  where  all 

I  records,  hook.s,  models,  drawings,  speci- 
fications, and  other  papers  and  things 
p(>rtaining   to  patents  shall   be  safely 

'    kept    and   preserved. 

I  Sec.  47(1.  There  shall  be  in  the 
Patent  Ofiice  a  Commissioner  of  Pat- 
ents, one  Assistant  Commissioner,  and 
three  examiners-in-chief,  who  shall  In* 
appointed  l).v  the  President,  by  and 
with  the  advice  and  consent  of  the 
Senate.  All  other  officers,  clerks,  and 
employees  authorized  by  law   for  the 
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Office  shall  be  appointed  by  the  Sec- 
retary of  the  Interior,  upon  the  nomi- 
nation  of  the  Commissioner  of   Pat- 


ents. 


COUBTS. 


Sec.  629.     The  circuit  courts  shall 
have  original  jurisdiction     ♦     ♦     ♦ 
of    all    suits    at    law    or    in    equity 
arising    under    the    patent    copyright 
laws  of  the  United  States. 

Title  XIII.  Rev.  Stat.,  p.  1G9: 

Sec.  8l>3.  Copies  of  the  specifica- 
tions and  drawings  of  foreign  letters 
patent  certified  as  provided  in  the  pre- 
ceding section,  shall  be  prima  facie 
evidence  of  the  fact  of  the  granting 
of  such  letters  patent,  and  of  the  date 
and  contents  thereof. 

Sec.  8;>4.  The  printed  copies  of 
specifications  and  drawings  of  patents, 
which  the  Commissioner  of  Patents  is 
authorized  to  print  for  gratuitous  dis- 
tribution, and  to  deposit  in  the  capi- 
toKs  of  the  States  and  Territories,  and 
in  the  clerks'  offices  of  the  district 
courts,  shall,  when  certified  by  him 
and  authenticated  by  the  seal  of  his 
office,  be  received  in  all  courts  as  evi- 
dence of  all  matters  therein  contained. 

Sec.  1537.  No  patented  article 
connected  with  marine  engines  shall 
hereafter  be  purchased  or  used  in  con- 
nertion  with  any  steam  vessels  of  war 
until  the  same  shall  have  been  sub- 
mitted to  a  competent  board  of  naval 
engineers,  and  recommende<l  by  such 
board,  in  writing,  for  purchase  and 
use. 

Title  XVII,  Rev.  Stat.,  p.  292: 

Sec.  1G73.  No  royalty  shall  be  paid 
by  the  I'nited  States  to  any  one  of  its 
officers  or  employees  for  the  use  of  any 
patent  for  the  system,  or  any  part 
tlH»eof,  mentioned  in  the  preceding 
se<tion.  nor  for  any  such  patent  in 
which  said  officers  or  employees  may  be 
directly   or  indirectly   interested. 

PATENT.S. 

Title  LX,  Rev.  Stat.,  1878,  chap. 
1    p.  J)45 : 

'  Sec!  4883.  All  patents  shall  be  is- 
suef!  in  the  name  of  the  United  Stat«*s 
of  America,  under  the  seal  of  the  Pat- 
ent Office,  and  shall  be  signed  by  the 
Commissioner  of  Patents,  and  they 
shall  be  recorded,  together  with  the 
specifications,  in  the  Patent  Office  in 
books  to  be  kept  for  that  purpose. 

Sec.  4884.  Every  patent  shall  con- 
tain a  short  title  or  description  of 
the  invention  or  discovery,  correctly 
indicating  its  nature  and  design,  and  a 


grant  to  the  patentee,  his  heirs  or  as- 
signs, for  the  term  of  seventeen  years, 
of  the  exclusive  right  to  make,  use,  and 
vend  the  invention  or  discovery 
throughout  the  United  States  and  the 
Territories  thereof,  referring  to  the 
8i>ecification  for  the  particulars  there- 
of. A  copy  of  the  specification  and 
drawings  shall  be  annexed  to  the  pat- 
ent and  be  a  part  thereof. 

Sec.  4885.  Every  patent  shall  bear 
date  as  of  a  day  not  later  than  six 
months  from  the  time  at  which  it  was 
passed  and  allowed  and  notice  thereof 
was  sent  to  the  applicant  or  his  agent ; 
and  if  the  final  fee  is  not  paid  within 
that  period  the  patent  shall  be  with- 
held. 

Sec.  488U.  Any  person  who  has  in- 
vented or  discovered  any  new  and  use- 
ful art,  machine,  manufacture,  or  com- 
position of  matter,  or  any  new  and 
useful  improvements  thereof,  not 
known  or  used  by  others  in  this  coun- 
try, before  his  invention  or  discovery 
thereof,  and  not  patented  or  described 
in  any  printed  publication  in  this  or 
any  foreign  country,  before  his  in- 
vention or  discovery  thereof,  or  more 
than  two  years  prior  to  his  applica- 
tion, and  not  in  public  use  or  on  sale 
in  this  country  for  more  than  two 
years  prior  to  his  application,  unless 
the  same  is  proved  to  have  been  aban- 
doned, may,  upon  payment  of  the  fees 
requinnl  by  law,  and  other  due  pro- 
ceeding had,  obtain  a  patent  therefor. 

The  Secretary  of  the  Interior  and 
the  Commissioner  of  l*atents  are  au- 
thorized to  grant  any  officer  of  the 
(lovernment.  except  officers  and  em- 
ployees of  the  Patent  Office,  a  patent 
for  any  invention  of  the  classes  men- 
tioned in  section  488(J  of  the  Revised 
Statutes  when  such  invention  is  used 
or  to  be  used  in  the  public  service, 
without  the  payment  of  any  ^ee: 
Proriticd,  That  the  applicant  in  his 
application  shall  state  that  the  in- 
vention describe<l  therein,  if  patented, 
may  be  used  by  the  (lovernment, or  any 
of  its  officers  or  employees  in  prose- 
cution of  work  for  the  (lovernment,  or 
by  any  other  person  in  the  l.'nited 
States,  without  the  payment  to  him 
of  any  royalty  thereon,  which  stipula- 
tion shall  l»c  included  in  the  patent. 

Se<-.  48S7.  No  person  otherwise  en- 
titled thereto  shall  be  debarred  from 
receiving  a  patent  for  his  invention  or 
discovery,  nor  shall  any  patent  be  de- 
clared invalid  by  r-eason  of  its  having 
been  first  pattMited  or  caused  to  be 
patented  by  the  inventor  or  lu^  iQ^'ft.V 
repieseulaWves  ot  w^sa^,^^'*  \vv  \s.  Vq^v^x^w 
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eountr3%  unless  the  application  for  said 
foivign  patent  was  filed  more  than 
twelve  months,  in  cases  within  the  pro- 
visions of  sei-tion  488(>  of  the  Revised 
Statutes,  and  four  months  in  cases 
of  designs,  prior  to  the  filing  of  the 
application  in  this  country,  in  which 
case  no  patent  shall  l>e  granted  in 
this  country. 

An  application  for  patent  for  an  in- 
vention or. discovery  or  for  a  design 
filed  in  this  country  by  any  i)erson 
who  has  previously  regularly  filed  an 
application  for  a  patent  for  the  same 
invention,  discovery,  or  design  in  a 
foreign  country  which,  by  treaty,  con- 
vention, or  law,  aflFords  similar  privi- 
leges to  citizens  of  the  United  States 
shall  have  tlie  same  force  and  eflfeci 
as  the  same  applh>ation  would  have 
if  filed  in  this  country  on  the  date  on 
which  the  application  for  patent  for 
the  same  invention,  discovery,  or  de- 
sign was  first  filed  in  such  foreign 
country,  provide<l  the  application  in 
this  country  is  filed  within  twelve 
months  in  cases  within  the  provisions 
of  se<'tion  4SH(j  of  the  Revised  Stat- 
utes, and  within  four  months  in  cases 
of  designs,  from  the  earliest  date  on 
which  any  ssuch  foreign  appli<'ation 
was  filed.  Hut  no  patent  shall  be 
granto<l  on  an  apiilii-ation  for  patent 
for  an  invention  or  discovery  or  a  de- 
sign whii'h  had  been  patente<l  or  de- 
scribed in  a  printed  publication  in 
this  or  any  foivign  country  more  than 
two  years  before  the  date  of  the  a<*- 
tual  filing  of  tlu*  application  in  this 
country,  or  which  had  been  in  public 
use  or  on  sale  in  this  country  foi* 
more  tluui  two  years  prior  to  such 
filiiii;. 

Sec.  4SSS.  Hefore  any  inventor  or 
discovrrer  shall  n<eive  a  pat(Mit  for 
Ills  invjMitioM  or  discovery,  he  shall 
niak<*  appli<atior>  llierefor.  in  writing, 
to  llie  roniniissioner  of  Patrnfs,  and 
shal)  iile  in  the  Patent  Office  a  writ- 
ten (les(rii)tion  of  tlie  same,  and  of 
the  nh'inner  an<l  proc»»ss  of  making, 
const riu-tinir,  rr)iui)onn<linir.  ajid  using 
it.  in  siM-h  full,  clear.  ron<-ise,  and  ex- 
act terms  as  to  enable  any  p«'Vson 
ski)le<|  in  tli«'  art  or  scienee  to  which 
it  ai)pertains.  or  with  which  it  is  most 
nearly  mnneeted.  to  make,  tonstruct. 
eonipound,  anrl  use  \\\o  same;  an«l  in 
ca'^e  f»f  a  r.ia<liint».  Iw  shall  explain 
the  principle  tliere<»f.  and  the  best 
mo(h»  in  whi«'h  he  has  contemplated 
api»lyinjr  that  principle,  so  as  to  dis- 
timruish  it  ftoni  other  inventions;  and 
he  shall  pariicularly  ]>oint  out  and 
dl>t}nrt],y  rln'nn  the  part,  improvement. 


or  combination  which  he  claims  as  his 
invention  or  discovery.  The  specifica- 
tion and  claim  shall  be  sif^ned  by  the 
inventor  and  attested  by  two  wit- 
nesses. 

Sec.  4889.  When  the  nature  of  the 
case  admits  of  drawings,  the  applicant 
shall  furnish  one  copy  signed  by  the 
inventor  or  his  attorney  in  fact,  and 
attested  by  two  witnesses,  which  shall 
be  filed  in  the  Patent  Office;  and  s 
copy  of  the  drawing,  to  be  furnished 
by  the  Patent  Office,  shall  be  attached 
to  the  patent  as  a  part  of  the  spe<*ifi- 
cation. 

Sec.  48SK).  When  the  invention  or 
discover^'  is  of  a  composition  of  mat- 
ter, the  applicant,  if  re<^uired  by  the 
Commissioner,  shall  furnish  specimens 
of  ingredients  and  of  the  composition, 
sufficient  in  quantity  for  the  purpose 
of  exi)eriment. 

Sec^  4891.  In  all  cases  which  ad- 
mit of  representation  by  model,  the 
applicant,  if  required  by  the  Commis- 
sioner, shall  furnish  a  model  of  con- 
venient size  to  exhibit  advantageously 
the  several  parts  of  his  invention  or 
discovery. 

Sec.  4892.  The  applicant  shall 
make  oath  that  he  does  verily  believe 
himself  to  be  the  original  and  first  in- 
ventor or  discoverer  of  the  art,  ma- 
chine, mannfacture,  composition,  or 
improvement  for  which  he  solicits  a 
patent ;  that  he  does  not  know  and 
does  not  believe  that  the  same  was 
ever  before  known  or  usckI  ;  and  shall 
state  of  what  country  he  is  a  citizen. 
Such  oath  may  be  made  l)efore  any 
person  within  the  Tnited  States  au- 
thorized by  law  to  administer  oaths, 
or.  when  the  applicant  resides  in  a 
forengn  country,  before  any  minister, 
charge  d'affaires,  consul,  or  <*omnier- 
cial  agent  holding  commission  under 
the  (Jovernment  of  the  Tnited  States, 
or  before  any  notary  public,  judge,  or 
magistrate  having  an  official  seal  and 
authorized  to  administer  oaths  in  the 
f»)reign  country  in  which  the  applicant 
nmy  be,  whose  authority  shall  be 
proved  by  certificate  of  a  diplomatic 
(u-  <onsular  officer  of  the  United 
States. 

Sec.  4HUX  On  the  filing  of  any 
such  application  and  the  pa.vment  of 
the  fees  retpiired  by  law,  the  Commis- 
sioner of  Patents  shall  cause  an  exam- 
ination to  be  made  of  the  alleged  new 
invention  or  discovery:  and  if  on  such 
examination  it  shall  apiiear  that  the 
claimant  is  justly  entitled  to  a  patent 
under  the  law.  and  that  the  same  is 
svitVicieiitly   useful  and  important,  the 
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(.Commissioner  shall  issue  a  patent 
therefor. 

Sec.  4894.  All  applications  for  pat- 
ents shall  be  completed  and  prepared 
for  examination  within  one  year  after 
the  filing  of  the  application,  and  in  de- 
fault thereof,  or  upon  failure  of  the 
applicant  to  prosecute  the  same  with- 
in one  5*ear  after  any  action  therein, 
of  which  notice  shall  have  been  given 
to  the  applicant,  they  shall  be  regarded 
as  abandoned  by  the  parties  thereto, 
unless  it  be  shown  to  the  satisfaction 
of  the  Commissioner  of  Patents  that 
such  delay  was  unavoidable. 

See.  4805.  Patents  may  be  granted 
and  issued  or  reissued  to  the  assignee 
of  the  inventor  or  discoverer:  but  the 
assignment  must  first  be  entered  of 
record  in  the  Patent  Office.  And  in 
all  cases  of  an  application  by  an  as- 
signee for  the  issue  of  a  patent,  the 
application  shall  be  made  and  the 
specification  sworn  to  by  the  inventor 
or  discoverer;  and  in  all  cases  of 
an  application  for  a  reissue  of  any 
patent,  the  application  must  be  made 
and  the  corrected  specification  signed 
by  the  inventor  or  discoverer,  if  he 
is  living,  unless  the  patent  was  is- 
sued and  the  assignment  made  before 
the  eighth  day  of  July,  1870. 

Sec.  481XJ.  When  any  person,  hav- 
ing made  any  new  invention  or  dis- 
covery for  which  a  patent  might  have 
l)een  granted,  dies  before  a  patent  is 
granted,  the  right  of  applying  for  and 
obtaining  the  patent  shall  devolve  on 
his  executor  or  administrator,  in  trust 
for  the  heirs  at  law  of  the  dooenaed, 
in  case  he  shall  have  died  intestate : 
or  if  he  shall  have  left  a  will  disposing 
of  the  same,  then  in  trust  for  his  de- 
visees, in  as  full  manner  and  on  the 
same  terms  and  conditions  as  the  same 
might  have  been  claimed  or  enjoyed 
by  him  in  his  lifetime;  and  when  the 
application  is  made  by  such  legal  rep- 
resentatives, the  oath  or  affirmation 
required  to  be  made  shall  be  so  varied 
in  form  that  it  can  be  made  by  them. 
The  executor  or  administrator  duly  au- 
thorized under  the  law  of  any  foreign 
country  to  administer  upon  the  estate 
of  the  deceased  inventor  shall,  in  case 
the  said  inventor  was  not  domiciled  in 
the  I'ni^ed  States  at  the  time  of  his 
death,  have  the  right  to  apply  for  and 
obtain  the  patent.  The  authority  of 
such  foreign  executor  or  administrator 
shall  be  proved  by  certifi<-ate  of  a 
diplomatic  or  consular  officer  of  the 
Tnited  States. 

Sec.  4897.  Any  person  who  lias  an 
interest  in  an  invention  or  discovery,   ' 


whether  as  inventor,  discoverer,  or  as- 
signee, for  which  a  patent  was  order- 
ed to  issue  upon  the  payment  of  the 
final  fee,  but  who  fails  to  make  pay- 
ment thereof  within  six  months  from 
the  time  at  which  it  was  passed  and 
allowed,  and  notice  thereof  was  sent 
to  the  applicant  or  his  agent,  shall 
have  a  right  to  make  an  application 
for  a  patent  for  such  invention  or  dis- 
covery the  same  as  in  the  case  of  an 
original  application.  But  such  second 
application  must  be  made  within  two 
years  after  the  allowance  of  the  ori- 
ginal application.  But  no  i)erson 
shall  l)e  held  resi)onsible  in  damages 
for  the  manufacture  or  use  of  any 
article  or  thing  for  which  a  patent 
was  ordered  to  issue  under  such  re- 
newed application  prior  to  the  issue 
of  the  patent.  And  upon  the  hear- 
ing of  renewed  applications  pre- 
ferred under  this  section,  abandon- 
ment shall  be  considered  as  a  question 
of  fact. 

Sec.  4898.  Every  patent  or  any  in- 
terest therein  shall  be  assignable  in 
law  by  an  instrument  in  writing,  and 
the  patentee  or  his  assigns  or  legal 
representatives  may  in  like  manner 
grant  and  convey  an  exclusive  right 
under  his  patent  to  the  whole  or  any 
specified  part  of  the  United  States. 
An  assignment,  grant,  or  conveyance 
shall  be  void  as  against  any  subse- 
(juent  purchaser  for  mortgagee  or  a 
valuable  consideration,  without  notice, 
unless  it  is  recorded  in  the  Patent 
Office  within  three  months  from  the 
date  thereof. 

If  any  such  assignment,  grant,  or 
conveyance  of  any  patent  shall  be  ac- 
knowledged before  any  notary  public 
of  the  several  States  or  Territories  or 
the  District  of  (Columbia,  or  any  com- 
missioner of  the  Tnited  States  Circuit 
Court,  or  lie  fore  any  secretary  of  le- 
gation or  consular  officer  authorized 
to  administer  oaths  or  perform  nota- 
rial acts  under  section  1750  of  the 
Revised  Statutes,  the  certificate  of 
such  acknowledgment,  under  the  hand 
and  official  seal  of  such  notary  or  oth- 
er officer,  shall  be  prima  facie  evidence 
of  the  execution  of  such  assignment, 
grant   or  convey  a  n<o. 

Sec.  4H\)i).  Every  person  who  pur- 
chases of  thp  inventor  or  discoverer, 
or.  with  his  knowledge  and  consent, 
constructs  any  newly  invented  or  di.s- 
covered  machine,  or  otlier  patentable 
article,  prior  to  the  application  by  the 
inventor  or  (liscovcr**r  for  a  patent, 
or  who  sells  or  uses  one  so  coustvv3A'<«^v\. 
shall  have  lV\e  t\%\\V  Vvi  w'^'i,  ^\5l^  x'iwi 
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to  be  used,  the  specific  thing 
}T  purchased,  without  liability 

KK).  It  shall  be  the  duty  of 
itees,  and  their  assigns  and 
resentatives,  and  of  all  i)er- 
:ing  or  vending  any  patented 
r  or  under  them,  to  give  suffi- 
ce to  the  public  that  the  same 
ed  either  by  fixing  thereon 
'*patented/*  together  with  the 
rear  the  patent  was  granted : 
from  the  character  of  the  ar- 
ea nnot  be  done,  by  fixing  to 
the  package  wherein  one  or 
rhem  is  inclosed,  a  lal)el  con- 
be  like  notice ;  and  in  any 
infringement,  by  the  party 
»  to  mark,  no  damages  shall 
red  by  the  plaintiff,  except  on 
at  the  defendant  was  duly 
•f  the  infringement,  and  c*on- 
ifter  such  notice,  to  make, 
nd  the  article  so  patented. 
i)01.  Every  person  who,  in 
mer,  marks  upon  anything 
?d.  or  sold  by  him  for  which 
not  obtaine<1  a  patent,  the 
any  imitation  of  the  name  of 
)ns  who  has  obtained  a  pat- 
for,  without  the  consent  of 
'ntee,  or  his  assigns  or  legal 
atives;  or 

Q  any  manner,  marks  upon  or 
•   any    such    patented    article 


f» 


"patent*  or  "patentee,  or 
Is  "letters  patent,**  or  any 
ke  import,  with  intent  to  imi- 
)unterfeit  the  mark  or  devi<t» 
atentee,  without  having  the 
'  consent  of  such  patentee  or 
ns   or    legal    representatives; 

Q  any  manner,  marks  upon  or 
any  unpatented  article  the 
tent"  or  any  word  importing 
(ame  is  patented,  for  the  pnr- 
|p<.*eiving  the  public,  shall  be 
T  every  such  offense,  to  a 
f  not  less  than  one  hun(lre<l 
vith  costs;  one-half  of  said 
o  the  person  wIjo  shall  sue 
ime,  and  the  other  to  tli<*  use 
nited  States,  to  l)e  nMovered 
n  any  district  court  of  tho 
tates  within  whosp  jurisdic- 
offense  may  have  boon  r'oni- 

02.  Any  person  wIjo  makes 
invention  or  discovery  and 
urther  time  to  mature  the 
r,  on  payment  of  th(»  fee<  re- 
law,  file  in  the  Tatent  Office 
letting  forth  the  ilesign  there- 
of  its   distinguishing   charac- 


teristics and  praying  protei'tion  of  his 
right  until  he  shall  have  matured  his 
invention.  Such  caveat  shall  be  filed 
in  the  confidential  archives  of  the  office 
and  preserved  in  secrecy,  and  shall  be 
oiwrative  for  the  term  of  one  year 
from  the  filing  thereof;  and  if  applr-  • 
cation  is  made  within  the  year  by  any 
other  persons  for  a  patent  with  which 
such  caveat  would  in  any  manner  in- 
terfere the  Commissioner  shall  deposit 
the  description,  spe<'ifi(*ation.  drawings, 
and  model  of  such  application  in  like 
manner  in  the  confidential  archives  of 
the  office,  and  give  notice  thereof  by 
mail  to  the  person  by  whom  the  ca- 
veat was  filed.  If  such  person  desires 
to  avail  himself  of  his  caveat  he  shall 
file  his  description,  sfiecifications, 
drawings,  and  model  within  three 
months  from  the  time  of  placing*the 
notice  in  the  post-office  in  Washington, 
with  the  usual  time  re<iuired  for  trans- 
mitting it  to  the  caveator  added  there- 
to, which  time  shall  be  indorsed  on  the 
notice. 

Sec.  4003.  Whenever,  on  examina- 
tion, any  claim  for  a  patent  is  re- 
jected, the  Commissioner  shall  notify 
the  applicant  thereof,  giving  him  brief- 
ly the  reasons  for  such  rejection,  to- 
gether with  such  information  and  ref- 
erences as  may  he  useful  in  judging  of 
the  propriety  of  renewing  his  applica- 
tion or  of  altering  his  specification; 
and  if,  after  receiving  such  notice, 
the  applicant  persists  in  his  claim 
for  a  patent  with  or  without  alter- 
ing his  si)ecincations,  the  Commission- 
er shall  order  a  re-examination  of  the 
ca^e. 

Sec.  4004.  Whenever  an  applica- 
tion is  made  for  a  patent  which,  in 
the  opinion  of  the  Commissioner, 
would  interfere  with  any  pending  ap- 
plication, or  with  any  unexpired  pat- 
ent, he  shall  give  notice  thereof  to  the 
applicants,  or  applicant  and  patentee, 
as  the  case  may  be.  and  shall  direct  the 
I>rimary  examiner  to  proceed  to  deter- 
mine the  question  of  priority  of  inven- 
tion. And  the  Commissioner  may  is- 
sue a  patent  to  the  party  who  is  ad- 
judged the  prior  inventor,  unless  the 
adverse  party  appeals  from  the  de<'i- 
sion  of  the  primary  examiner,  or  of  the 
board  of  exaniiners-in-chief,  as  the  case 
may  be,  within  such  time,  not  less  than 
twenty  nays,  as  the  Commissioner 
sliall  prescribe. 

Sec.  40O.'i.  The  Commissioner  of 
I*atents  may  establish  rules  for  taking 
ntli<lavits  and  depositions  required  in 
cases  pending  in  the  Patent  06Rc<»,  ^w<\ 
such  affidav\lH  aiu\  vVvosXxxow^  \xv805  \^ 
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taken  lM»fore  any  ofluer  authorized  by 
law  to  take  (leiKiHitionH  to  l)e  used  in 
the  i'ourts  of  the  I'nited  States  or  of 
the  State  where  the  officer  resides. 

Sec.  4fKM).  The  clerk  of  any  court 
of  the  United  States,  for  any  district 
or  Territorj'  wherein  testimony  is  to 
be  taken  for  use  in  any  contested  case 
pending  in  the  Patent  Office,  shall, 
upon  the  application  of  any  party 
thereto,  or  of  his  agent  or  attorney, 
issue  a  subpcena  for  any  witness  re- 
siding or  being  within  such  district  or 
Territory,  commanding  him  to  appear 
and  testify  before  any  olKcer  in  such 
district  or  Territory  authorized  to  take 
depositions  and  affidavits,  at  any  time 
and  place  in  the  subpoena  stated.  But 
no  witness  shall  l>e  required  to  attend 
at  any  place  more  than  forty  miles 
from  the  place  where  the  subpoena  is 
served  upon  him. 

Sec.  4907.  Every  witness  duly  sub- 
IKPnaed  and  in  attendance  shall  be  al- 
lowed the  same  fees  as  are  allowed  to 
witnesses  attending  the  courts  of  the 
United  States. 

Sec.  4JK)8.  Whenever  any  witness, 
after  being  duly  served  with  such  sub- 
poMia,  neglects  or  infuses  to  appear, 
or  after  appearing  refuses  to  testify, 
the  judge  of  the  court  whose  clerk  is- 
sued the  subiKPnn  may,  on  proof  of 
such  negle<*t  or  refusal,  enforce  ol)edi- 
ence  to  the  process,  or  punish  the  dis- 
obedience, as  in  other  like  cases.  But 
no  witness  shall  be  deemed  guilty  of 
contempt  for  disobeying  such  subpa'na. 
unless  his  fees  and  traveling  expenses 
in  going  to,  returning  from,  and  one 
day's  attendance  at  the  i)lHce  of  exam- 
ination, ai*e  paid  or  tendered  him  at 
the  time  of  the  service  of  the  subpuMia  ; 
nor  for  refusing  to  disclose  any  secret 
invention  or  discovery  made  or  owned 
by    himself. 

Sec.  4iK>{).  Every  applicant  for  a 
patent  or  for  the  reissue  of  a  patent, 
any  of  the  claims  of  which  have  been 
twii'e  rejected,  and  every  party  to  an 
interference,  may  app<'al  from  the  de- 
cision of  the  primary  examiner,  or  of 
the  examiner  in  chnrjre  of  interferences 
In  such  case,  to  the  board  of  exainin- 
ers-in-chief ;  having  on<e  paid  the  fee 
for  such  api)eal. 

Sec.  4010.  If  such  party  is  dissat- 
isfied with  the  decision  of  the  cxamin- 
ei*s-in-chi(»f.  he  may,  <m  payment  of 
the  f«»e  prescribed,  appeal  to  tin'  Com- 
miss^ioner  in  person. 

Sec.  4011.  If  such  party,  except  a 
party  to  an  interference,  is  (lis>-;Uis- 
lied  with  the  decision  of  tlu»  (\)nimis- 
Miojior,  he  mtxy  appeal  to  the  Supreme 


Court    of    the    District   of    Columbia, 
sitting  in   banc. 

Sec.    4012.     When     an     appeal    is      ' 
taken   to   the   Supreme  Court  of  the      i 
District    of    Columbia,    the    appellant 
shall  give  notice  thereof  to  the  Com- 
~missioner,  and  file  in  the  Patent  Office      i 
within  such  time  as  the  Commissioner 
shall  appoint,   his   reasons  of  appeal, 
specifically  set  forth  in  writing. 

Sec.  4913.  The  court  shall,  before 
hearing  such  appeal,  give  notice  to  the 
Commissioner  of  the  time  and  place  of 
the  hearing,  and  on  receiving  such  no- 
tice the  Commissioner  shall  give  no- 
tice of  such  time  and  place  in  such 
manner  as  the  court  may  prescribe,  to 
all  parties  who  appear  to  be  interested 
therein.  The  party  appealing  shall 
lay  before  the  court  certified  copies  of 
all  the  original  papers  and  evidence  in 
the  case,  and  the  Commissioner  shall 
furnish  the  court  with  the  grounds  of 
his  decision,  fully  set  forth  in  w^ritin;, 
touching  all  the  points  involved  by  the 
reasons  of  appeal.  And  at  the  request 
of  any  party  interested,  or  of  the 
court,  the  Commissioner  and  the  exam- 
iners may  lie  examined  under  oath,  in 
explanation  of  the  principles  of  the 
thing  for  which  a  patent  is  demanded). 

Sec.  4914.  The  court,  on  petition, 
shall  hear  and  determine  such  ap|)eal. 
and  revise  the  decision  appealed  from 
in  a  summary  way,  on  the  evidenc-e 
produced  before  the  Commissioner,  at 
such  early  and  convenient  time  as  the 
court  may  appoint ;  and  the  revision 
shall  l)e  confined  to  the  points  set 
forth  in  the  reasons  of  appeal.  After 
hearing  the  case  the  court  shall  return 
to  the  Commissioner  a  certificate  of  its 
pro<'ee<lings  and  decision,  which  shall 
be  entered  of  record  in  the  Patent 
Office,  and  shall  govern  the  further 
proceedings  in  the  case.  But  no  opin- 
ion or  decision  of  the  court  in  any 
such  case  shall  preclude  any  person 
interested  from  the  right  to  contest  the 
validity  of  such  patent  in  any  court 
wherein  the  same  maj*  be  called  in 
question. 

Sec.  491  r».  Whenever  a  patent  on 
application  is  refused,  either  by  the 
Uomniissioner  of  Patents  or  by  the 
Supreme  Court  of  the  District  of  Co- 
lumbia upon  appeal  from  the  Com- 
missioner, the  applicant  may  have 
remedy  by  bill  in  equity :  and  the 
court  having  cognizance  thereof,  on 
notice  to  adverse  parties  and  other  due 
proct>edinsrs  had.  may  adjudge  that 
su<h  applicant  is  entitled.  aci»ording  to 
law,  to  rcM'eive  a  patent  for  his  inven- 
tion, as  spe<'ified  in  his  claim,  or  for 
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rt  thereof,  as  the  facts  in  tho 

ly  appear.     And  such  adjudica- 

it  be  in  favor  of  the  right  of  the 

Qt,  shall  authorize  ttie  Conimis- 

:o  issue  such  patent  on  the  ai>- 

filing   in   the  Patent  Otiice  a 

f  the  adjudication,  and   other- 

mpb'ing  with  the  requirements 

In  all  cases  where  there  is 

3sing  party,  a  cony  of  the  bill 

i  served  on  the  Commissioner ; 

the  expenses  of  the  proceeding 

paid  by  the  applicant,  whether 

il  decision   is  in   his   favor  or 

.,  r.  S.,  Sup..  Vol.  2,  c.  74. 
18f«.  He  i1  enacted,  etc..  That 
hall  be,  and  there  is  hereliy. 
hed  in  the  District  of  Colum- 
ourt,  to  l>e  known  as  the  court 
jals  of  the  District  of  Colum- 

<>.  That  the  said  court  of  ap- 
ihall  establish  a  term  of  the 
uring  each  and  every  month  in 
ear  excepting  the  months  of 
id  August. 

8.  That  any  final  judgment  or 
of   the   said   court    of   ai>peals 

re-examined  and  afiinned,  re- 

or  modified  by  the  Supreme 
if  the  United  States,  upon  writ 
r  or  appeal,  in  all  causes  in 
he  matter  in  dispute,  exclusive 
i,  shall  exceed  the  sum  of  five 
id  dollars,  in  the  same  manner 
ider  the  same  regulations  as 
are  provided  for  in  cases  of 
f  error  on  judgment  or  appeals 
*<*rees  rendered  in  the  supremo 
f  the  District  of  Columbia  ; 
also  in  cases,  without  regard  to 
1  or  value  of  the  matter  in  dis- 
herein  is  involved  the  validitv 
patent  or  copyright,  or  in  \vlii<h 
n  in  question  tlie  validity  of  a 
or  statute  of  or  an  authority 
»d  under  the  I'nited  States. 
t    enacted    by    the   Senate    and 

of  ReprcHentativcH  of  the 
Staten  of  America  in  ('onprrsH 
ed.  That  in  any  case  heretofore 
nal  in  the  court  of  appeals  of 
jtrict  of  Columbia  it  shall  be 
;nt  for  the  Supreme  Court  to 
by  certiorari  or  otherwise, 
ch  case  to  be  certified  to  the 
le  Court  for  its  review  and  de- 
ition,  with  the  same  power  and 
ty  in  the  case  as  if  it  had  be(Mi 

by  appeal  or  writ  of  error  to 
preme  Court. 
0.     That   the  determinntion   of 

from  the  decision  of  the  Com- 
er of   Patents,   now   vested    in 


the  general  tenn  of  the  supreme  court 
of  the  District  of  Columbia,  in  pur- 
suance of  the  provisions  of  section  78() 
of  the  Revised  Statutes  of  the  Tnited 
States,  relating  to  the  District  of  Co- 
lumbia, shall  hereafter  l>e  and  the  same 
is  hereby  vested  in  the  court  of  ap- 
peals created  by  this  act; 

And  in  addition,  any  party  ag- 
grieved by  a  decision  of  the  Commis- 
sioner of  Patents  in  any  interference 
case  may  api)eal  therefrom  to  said 
court  of  appeals. 

Title  LX,  Uov.  Stat.,  1878,  p.  950 : 
Sec.  4016.  Whenever  any  patent  is 
inoiierative  or  invalid,  by  reason  of  a 
<lefective  or  insufiicient  specification, 
or  by  reason  of  the  patentee  claiming 
as  his  own  invention  or  discovery 
more  than  he  had  a  right  to  claim  as 
new,  if  the  error  has  arisen  by  inad- 
verten<'e,  accident,  or  mistake,  and 
without  any  fraudulent  or  deceptive 
intention,  the  Commissioner  shall,  on 
the  surrender  of  such  patent  and  the 
payment  of  the  duty  re<iuired  by  law, 
cause  a  new  patent  for  the  same  inven- 
tion, and  in  a<'<'ordance  with  the  cor- 
rected specifi<'ation,  to  be  issued  to  the 
patentee,  or.  in  case  of  his  death  or 
of  an  assignment  of  the  whole  or  any 
undivided  part  of  the  original  patent, 
then  to  his  executors,  administrators, 
or  assigns,  for  tlie  unexpired  part  of 
the  term  of  the  original  patent.  Such 
surrender  shall  take  effect  upon  the  is- 
sue of  the  amended  patent.  Tlie  Com- 
missioner may,  in  his  discretion,  cause 
several  patents  to  be  issued  for  dis- 
tinct and  separate  parts  of  the  thing 
patented,  upon  demand  of  the  api)li- 
<ant,  and  upon  payment  of  the  re- 
♦luired  fee  for  a  reissue  for  each  of 
such  reissued  letters  patent.  The 
specifications  and  claim  in  every  such 
case  shall  be  subject  to  revision  and 
restriction  in  the  same  manner  as  ori- 
ginal applications  are.  Kvery  patent 
so  reissued,  together  with  the  <or- 
re<'ted  siiecificatioiis.  shall  have  the 
same  efftM-t  and  operation  in  law,  on 
the  trial  of  all  actions  for  <'auses 
thereafter  arising,  as  if  th(»  same  had 
been  originally  filed  in  such  correct- 
ed form  :  but  no  new  matter  shall  be 
introduce<l  into  th<»  specification,  nor 
in  case  of  a  ma<-hine  patent  shall  the 
mo<leI  or  drawings  be  amended,  except 
eacli  by  the  other;  but  when  there  is 
neither  model  nor  drawing,  amend- 
ments may  be  made  upon  jiroof  satis- 
factory to  the  ronimissioner  that  sui-h 
new  matter  or  amendment  was  a  part 
of  the  original  invent  low,  o.\uV  v;vv* 
omitted  from  U\e.  ^vvc\^\vv\Wq\\  \vs  xw^jsl^- 
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vertence,  accident,  or  mistake,  as 
aforesaid. 

Sec.  4917.  Whenever,  through  in- 
advertence, accident,  or  mistake,  and 
without  any  fraudulent  or  deceptive 
intention,  a  patentee  has  claimed  more 
than  that  of  which  he  was  the  original 
or  first  inventor  or  discoverer,  his  pat- 
ent shall  he  valid  for  all  that  part 
which  is  truly  and  justly  his  own,  pro- 
vided the  same  is  a  material  or  sub- 
stantial part  of  the  thing  patented; 
and  any  such  patentee,  his  heirs  or  as- 
signs, whether  of  the  whole  or  any 
sectional  interest  therein,  may,  on  pay- 
ment of  the  fee  required  by  law,  make 
disclaimer  of  such  parts  of  the  thing 
patented  as  he  shall  not  choose  to 
claim  or  to  hold  by  virtue  of  the  pat- 
ent or  assignment,  stating  therein  the 
extent  of  his  interest  in  such  patent. 
Such  disclaimer  shall  be  in  writing, 
attested  by  one  or  more  witnesses,  and 
recorded  in  the  p&tent  office ;  and  it 
shall  thereafter  be  considered  as  part 
of  the  original  specification  to  the  ex- 
tent of  the  interest  possessed  by  the 
claimant  and  by  those  claiming  under 
him  after  the  record  thereof.  Hut  no 
such  disclaimer  shall  affect  any  a<'tion 
pending  at  the  time  of  its  being  filed, 
except  so  far  as  may  relate  to  the 
question  of  unreasonable  neglect  or 
delay  in  filing  it. 

Sec.  4018.  Whenever  there  are  in- 
terfering patents,  any  person  interest- 
ed in  any  one  of  them,  or  in  the  work- 
ing of  the  invention  claimed  under 
eitlier  of  them,  may  have  relief  against 
the  interfering  jiatentee,  and  all  par- 
ties interested  un<ler  him,  by  suit  in 
♦Mjuity  njjainst  the  owners  of  the  in- 
terfering patent  :  and  the  court,  on 
noti'e  to  adverse  parties,  and  other 
due  proceodinjjs  iiad  according  to  the 
course  of  e(|nity.  may  a<ljudge  and  <le- 
clare  either  of  the  patents  void  in 
whole  or  in  part,  or  inoperative,  or  in- 
valid in  any  particular  part  of  the 
I'nitcd  States.  ac<'ording  to  liie  inter- 
est of  the  ])arties  in  the  ])arent  or  the 
invention  i)atente(l.  Hut  no  such 
judsuvnt  or  adjudication  shall  affect 
the  ri«ht  of  any  person  «»x<ei)t  the  par- 
ties to  the  suit  and  tliose  deriving  title 
under  tliem  suhsecjiient  to  the  rendition 
of  such  judirment. 

Sec.  VMU.  Daniaees  for  the  in- 
frini;einent  of  any  jiatent  may  be  re- 
<-ov«M'ed  bv  action  on  tlie  ca«e.  in  the 
name  of  th<'  i»nrty  interested  either  as 
I>a'ent(^e,  assignee,  cu"  crantee.  And 
whenever  in  any  sn<h  action  a  verdict 
is  rendered  for  the  plaintiff,  the  court 
iijn,y  ontci   judfimcnt   thereon   for  any 


sum  above  the  amount  found  by  the 
verdict  as  the  actual  damages  sustain- 
ed, according  to  the  circumstances  of 
the  case,  not  exceeding  three  times  the 
amount  of  such  verdict,  together  with 
the  costs. 

Sec.  4920.  In  any  action  for  in- 
fringement the  defendant  may  plead 
the  general  issue,  and,  having  given 
notice  in  writing  to  the  plaintiff  or  his 
attorney  thirty  days  before,  may  prove 
on  trial  any  one  or  more  of  the  fol- 
lowing special  matters : 

First. — That  for  the  purpose  of  de- 
ceiving the  public  the  description  and 
specification  filed  by  the  patentee  in 
the  Patent  Office  was  made  to  contain 
less  than  the  whole  truth  relative  to 
his  invention  or  discovery,  or  more 
than  is  necessary  to  produce  the  de- 
sired effect :  or. 

Second.  —  That  he  had  surrepti- 
tiously or  unjustly  obtained  the  patent 
for  that  which  was  in  fact  invented  by 
another,  who  was  using  reasonable 
diligence  in  adapting  and  i)erfectinK 
the  same ;  or. 

Third. — That  it  has  been  patented 
or  descril>ed  in  some  printed  publica- 
tion prior  to  his  supposed  invention  or 
discovery  thereof,  or  more  than  two 
years  prior  to  his  application  for  a 
patent  therefor ;  or. 

Fourth. — That  he  was  not  the  ori- 
ginal and  first  inventor  or  discoverer 
of  any  material  and  substantial  part 
of  the  thing  patented;  or. 

Fifth.— That  it  had  been  in  public 
use  or  on  sale  in  this  country  for  more 
than  two  years  before  his  application 
for  a  patent,  or  had  been  abandoned 
to  the  public. 

And  in  notices  as  to  proof  of  previ- 
ous invention,  knowledge,  or  use  of  the 
thing  patented,  the  defendant  shall 
state  the  names  of  the  patentees  and 
the  dates  of  tlieir  patents,  and  when 
granted,  and  the  names  and  residences 
of  the  i)ersons  alleged  to  have  invented 
or  to  have  had  the  prior  knowledge  of 
the  thing  patented,  and  where  and  by 
whom  it  had  been  used :  and  if  any  one 
or  more  of  the  special  matters  alleged 
shall  be  found  for  the  defendant,  judg- 
ment shall  be  rendered  for  him  with 
costs.  And  the  like  defenses  may  be 
pleaded  in  any  suit  in  equity  for  re- 
lief acainst  an  alleged  infringement: 
and  iMoofs  of  the  same  may  l)e  given 
upon  like  notice  in  the  answer  of  the 
defendant,  and  with  the  Ike  effect. 

Sec.  4J)21.  The  several  courts  vest- 
ed with  jurisdiction  of  cases  arising 
r.nder  the  patent  laws  shall  have  pow- 
er  to   grant    injunctions  aiccording  to 
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urse  and  principles  of  courts  of 
,  to  prevent  the  violation  of  any 
ecured  by  patent,  on  such  terms 
court  may  deem  reasonable ;  and 
a  decree  being  rendered  in  any 
Ase  for  an  infringement  the  com- 
nt  shall  be  entitled  to  recover,  in 
)n  to  the  profits  to  be  accounted 

the  defendant,  the  damages  the 
linant  has  sustained  thereby ; 
,e  court  shall  assess  the  same  or 
the  same  to  be  assessed  under  its 
on.  And  the  court  shall  have 
me  power  to  increase  such  dam- 
in  its  discretion,  as  is  given  to 
se  the  damages  found  by  ver- 
in  actions  in  the  nature  of  ac- 
>f  trespass  upon  the  case. 

in  an^'  suit  or  action  brought 
te  infringement  of  any  patent 
shall  be  no  recovery  of  profits  or 
es    for   any    infringement    com- 

more  than  six  years  before  the 
of  the  bill  of  complaint  or  the 
5  of  the  writ  in  such  suit  or 
,  and  this  provision  shall  apply 
iting  causes  of  action. 

4922.  Whenever,  through  in- 
ence,  accident,  or  mistake,  and 
It  any  wilful  default  or  intent  to 
d  or  mislead  the  public,  a  pat- 
has,  in  his  specification,  claimed 
:he  original  and  first  inventor  or 
erer  of  any  material  or  substan- 
art    of    the    thing  patented,    of 

he  was  not  the  original  and  first 
or  or  discoverer,  every  such  pat- 

his  executors,  administrators, 
ssigns,  whether  of  the  whole  or 
ectional  interest  in  the  patent, 
maintain  a  suit  at  law  or  in 
,  for  the  infringement  of  any 
hereof,  which  was  bona  fide  his 
if  it  is  a  material  and  substan- 
art  of  the  thing  patented,  and 
ely  distinguishable  from  the 
claimed  without  right,  uotwith- 
ng  the  specifications  may  em- 
more  than  that  of  which  the 
ee  was  the  first  inventor  or  dis- 
r.     But   in   every   such   case   in 

a  judgment  or  decree  shall  be 
ed  for  the  plaintiff,  no  costs 
be  recovered  unless  the  proper 
mer  has  been  entered  at  the 
t  Office  before  the  comraence- 
of  the  suit.  But  no  patentee 
>e  entitled  to  the  benefits  of  this 
1  if  he  has  unreasonably  nog- 
or  delayed  to  enter  a  dis- 
r. 
4923.     Whenever    it    appears 

patentee,  at  the  time  of  making 
plication  for  the  patent,  believed 
f  to  be  the  original  and  Grst  in- 


ventor or  discoverer  of  the  thing  pat- 
ented, the  same  shall  not  be  hela  to 
\ye  void  on  account  of  the  invention  or 
diwovery,  or  any  part  thereof,  having 
been  known  or  used  in  a  foreign  coun- 
try, before  his  invention  or  discovery 
thereof,  if  it  had  not  been  patented  or 
described  in  a  printed  publication. 

DESIGNS. 

Sec.  4021^.  Any  person  who  has  in- 
vented any  new,  original,  and  orna- 
mental design  for  an  article  of  manu- 
facture, not  known  or  used  by  others 
in  this  country  before  his  invention 
thereof,  and  not  patented  or  described 
in  any  printed  publication  in  this  or 
any  foreign  country  before  his  inven- 
tion thereof,  or  more  than  two  years 
prior  to  his  application,  and  not  in 
public  use  or  on  sale  in  this  country 
for  more  than  two  years  prior  to  liis 
application,  unless  the  same  is  proved 
to  have  been  abandoned,  may.  upon 
payment  of  the  fees  required  by  law 
and  other  due  proceedings  had.  the 
same  as  in  cases  of  invention  or  dis- 
coveries covered  by  section  4886,  ob- 
tain a  patent  therefor. 

Sec.  4030.  ITie  Commissioner  may 
dispense  with  models  of  designs  when 
the  design  can  be  sufficiently  repre- 
sented by  drawings  or  photographs. 

Sec.  4931.  Patents  for  designs  may 
be  granted  for  the  term  of  three  years 
and  six  months,  or  for  seven  years,  or 
for  fourteen  years,  as  the  applicant 
may,  in  his  application,  elect. 

Sec.  4932.  Patentees  of  designs  is- 
sued prior  to  the  second  day  of  March. 
18H1,  shall  be  entitled  to  extension  of 
their  respective  patents  for  the  term 
of  seven  years,  in  the  same  manner 
and  under  the  same  restrictions  as  are 
provided  for  the  extension  of  patents 
for  inventions  or  discoveries  issued 
prior    to  the    second  day  of    March, 

imi. 

Sec.  4933.  All  the  regulations  and 
provisions  which  apply  to  obtaining 
or  protecting  patents  for  inventions  or 
di8<'overies  not  inconsistent  with  the 
provisions  of  this  Title,  shall  apply  to 
patents  for  designs. 

CHAPTER  105.— An  Act  to  Amend 
THE  Law  Relating  to  Patents, 
Trade-marks,  and  Copyrights. 

Be  it  enacted,  etc..  That  hereafter, 
during  the  term  of  letters  patent  for 
a  design,  it  shall  be  unlawful  for  any 
person  other  than  the  owner  of  said 
letters  patent,  witVvowX.  W\^  \\<!s;Tv'?«t  ci\ 
such  owner,  lo  a\>p\>^  Wi^  ^^^\\gci  «*i^- 
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cured  by  such  letters  patent,  or  any 
colorable  imitation  thereof,  to  any 
article  of  manufacture  for  the  pur- 
pose of  sale,  or  to  sell  or  expose  for 
sale  any  article  of  manufacture  to 
which  such  design  or  colorable  imita- 
tion shall,  without  the  license  of  the 
owner,,  have  been  applied,  knowing 
that  the  same  has  been  so  applied. 
Any  person  violating  the  provisions,  or 
either  of  them,  of  this  section,  shall  be 
liable  in  the  amount  of  two  hundred 
and  fifty  dollars;  and  in  case  the  total 
profit  made  by  him  from  the  manufac- 
ture or  sale,  as  aforesaid,  of  the  arti- 
cle or  articles  to  which  the  design,  or 
colorable  imitation  thereof,  has  been 
applied,  exceeds  the  sum  of  two  hun- 
dred and  fifty  dollars,  he  shall  be  fur- 
ther liable  for  the  excess  of  such  prof- 
it over  and  above  the  sum  of  two  hun- 
dred and  fifty  dollars ;  and  the  full 
amount  of  such  liability  may  be  re- 
covered by  the  owner  of  the  letters 
patent,  to  his  own  use,  in  any  circuit 
court  of  the  United  States  having  ju- 
risdiction of  the  parties,  either  by  ac- 
tion at  law  or  upon  a  bill  in  equity  for 
an  injunction  to  restrain  such  in- 
fringement. 

Sec.  2.  That  nothing  in  this  act 
contained  shall  prevent,  lessen,  im- 
peach, or  avoid  any  remedy  at  law  or 
in  eiiuity  which  any  owner  of  letters 
patent  for  a  design,  aggrieved  by  the 
infringement  of  the  same,  might  have 
had  if  this  act  had  not  been  passed; 
hut  su<h  owner  shall  not  twice  re- 
cover ih«»  profit  made  from  the  in- 
friiigemeut. 

FEES. 

Sec.  4!);U.  The  [ollowing  shall  be 
the  rates  for  patent  fees:  On  tiling 
ea<'h  original  application  for  a  patent. 
excei)t  in  design  cases.  $1,">.(M).  On 
issuing  each  original  patent,  except  in 
design  cases.  .S20.(M).  In  <lesign  cases  : 
For  three  years  ami  six  months: 
•Sin, 00;  for  s»'ven  years.  i<l.').00:  for 
fourteen  years.  .'j^.'iO.OJK  On  tiling?  each 
•  aveat.  $10.00.  On  every  appIi<ation 
for  the  reissue  of  a  patent.  $:{0.00. 
On  filing  each  <lisclaiin«'r.  .$l().0O.  On 
an  api)eal  for  the  first  lime  from  the 
primary  examiners  to  the  examiners- 
in-clii»'f.  .$10.(M).  On  every  appeal 
from  the  «*xamineis-in-<'hief  tr)  the 
Commissioner.  .S'JO.CM),  For  crrlified 
(•(jjiii's  of  patents  aii<l  other  iiajuMs.  in- 
clu<iiui;  rortifieil  printed  copios.  10 
cents  per  humlred  \vor<ls.  For  record- 
ing every  as>ii;iimeiit.  atrrermcut.  pow- 
er of  att<»rnt'\.  or  other  pai)er.  of  three 
hundred  words  or  under,  .$1.(M);  of  over 


three  hundred  and  under  one  thousan 
words,   $2.00;   of  over  one   thousai 
words,  $3.00.     For  copies  of  drawinAl'    * 
the   reasonable  cost  of  making  thenLF^ 

Sec.  4935.  Patent  fees  may  be  iMiid! 
to  the  Commissioner  of  Patents,  or  toj-'- 
the  Treasurer,  or  any  of  the  assistant  I'-' 
treasurers  of  the  United  States,  or  to] 
any  of  the  designated  depositaries,  na-  , 
tional  banks,  or  receivers  of  public  i'l^ 
money,  designated  by  the  Secretary  of  I  ?^ 
the  Treasury  for  that  purpose;  and  I -^ 
such  officer  shall  give  the  depositor  al  ^ 
receipt  or  certificate  of  deposit  then?-" 
for.  All  money  received  at  the  Patent 
Office,  for  any  purpose,  or  from  any  U 
source  whatever,  shall  l)e  paid  into  thej.- 
Treasury  as  re<*eived,  without  any  de- 1 
duct  ion  whatever. 

Sec.  493(5.  The  Treasurer  of  th* 
United  States  is  authorized  to  \m 
back  any  sum  or  sums  of  money  to 
any  i)er8on  who  has  through  mi:)- 
take  paid  the  same  into  the  Trea.s- 
ury,  or  to  any  receiver  or  dejwsi- 
tary,  to  the  credit  of  the  Tn'as- 
ury,  as  for  fees  accruing  at  the  Patent 
Office,  upon  a  (^rtificate  thereof  beinjt 
made  to  the  Treasurer  by  the  Com-  I 
missioner  of  Patents.  ' 

PATENT   RIGHTS   VEST    IN    ASSIGNEE    IN    i. 
BANKRUPTCY. 

Sec.  .^)4<j.  All  proiwrty  conveyed 
by  the  bankrupt  in  fraud  of  his  credit- 
ors :  all  rights  in  equity,  choses  in 
action,  patent  rights,  and  copyrights; 
all  debts  due  him,  or  any  person  for 
his  use,  and  all  liens  and  securiti<'s 
therefor;  and  all  his  rights  of  action 
for  property  or  estate,  real  or  personal, 
and  for  any  cause  of  action  which  he 
had  against  any  person  arising  from  i 
contract  or  from  the  unlawful  taking 
or  detention,  or  injury  to  the  properly 
of  the  bankrupt ;  and  all  his  rights  of 
redeeming  such  property  or  estate:  to- 
gether with  the  like  right,  title,  i»owrr. 
and  authority  to  sell,  manage,  dispo-e 
of.  sue  for,  and  recover  or  defend  the 
same,  as  the  bankrupt  might  have  ha«l 
if  no  assignment  had  lieen  made,  shall, 
in  virtue  of  the  adjudication  of  bank- 
ruptcy and  the  appointment  of  his  ns- 
signe(».  I»ut  subject  to  the  exceptions 
slated  in  the  preceding  section.  1*  at 
once  vested  is  |in]  such  assignee. 

Sec.  TO.  Title  to  Property.  The 
trustee  of  the  estate  of  a  bank- 
rupt, upon  his  appointment  and 
(|ualiti<ai  ion,  and  his  8UC<*essor  or 
suiMM'ssois.  if  he  shall  have  one 
or  more,  upon  his  or  their  apiwint- 
meiit  and  qualifii'ation.  shall  in  turn 
Ue  vested  by  o\>eration  of  law  with  the 
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'  i  ti«'  «j1  liif  Ijanknipi.  as  ol"  ilir  dalr  ln' 
^\'a.s  udjudged  a  bankrupt,  excel)!  in 
so  far  as  it  is  to  property  wliich  is 
^acempt,  to  all  (1)  documents  relating 
to  his  property;  (2)  interests  in  pat- 
ents, patent  rights,  copyrights,  and 
t  rade-marks. 

LABELS. 

CHAPTER  301.— An  Act  to  Amend 
TUE  Law  Uelatino  to  Patents, 
Trade-marks,  and  Copyrights. 

Be  it  enacted,  etc.  [Section  1],  That 
no  person  shall  maintain  an  action  for 
the  infringement  of  his  copyright  un- 
less he  shall  give  notice  thereof  by  in- 
serting in  the  several  copies  of  every 
edition  published,  on  the  title  page  or 
the  page  immediately  following  it,  if  it 
be  a  book ;  or  if  a  map,  chart,  musical 
comi>osition,  print,  cut,  engraving, 
photograph,  painting,  drawing,  chromo, 
statue,  statuary,  or  model  or  design 
intended  to  be  perfected  and  completed 
as  a  work  of  the  fine  arts,  by  inscrib- 
ing upon  some  visible  portion  thereof, 
or  of  the  substance  on  which  the  same 
shall  be  mounted,  the  following  words. 
viz. :    "Entered    according    to    act    of 

Congress,  in  the  year ,  by  A.  B., 

in  the  office  of  the  Librarian  of  Con- 
gress, at  Washington** ;  or,  at  his  op- 
tion, the  word  "Copyright,"  together 
with  the  year  the  copyright  was  en- 
tered, and  the  name  of  the  party  by 
whom  it  was  taken  out,  thus :  "Copy- 
right. 18—.  by  A.  B." 

Sec.  2.  That  for  recording  and  cer- 
tifying any  instrument  of  writing  for 
the  assignment  of  a  copyright,  the 
Librarian  of  Congress  shall  receive 
from  the  persons  to  whom  the  service 
is  rendered.  $1.00;  and  for  every  copy 
of  an  assignment,  $1.00;  said  fee  to 
cover,  in  either  case,  a  certificate  of 
the  record,  under  seal  of  the  Libra- 
rian of  Congress ;  and  all  fees  so  re- 
ceived shall  be  paid  into  the  Treasury 
of  the  United  States. 

Sec.  3.  That  in  the  construction  of 
this  act,  the  words  "engraving,"  "cut," 
and  "print."  shall  be  applied  only  to 
pictorial  illustrations  or  works  con- 
nected with  the  fine  arts,  and  no  prints 
or  labels  designed  to  be  used  for  any 
other  articles  of  manufacture  shall  be 
entered  under  the  copyright  law, 
but  may  be  registered  in  the 
Patent  Oflice.  And  the  Commission- 
er of  Patents  is  hereby  charjjed 
with  the  supervision  and  control 
of  the  entry  or  registry  of  such 
prints  or  labels,  in  conformity  with 
the  regulations  provided  by  law  as  to 
copyright  of  prints,  except  that  there 


>iinll  1m'  paid  I'nr  rci  oidin^'  tin-  title  ol' 
any  print  or  laiiel  not  a  trade-mark, 
$(».Uf),  which  shall  cover  the  expense 
of  furnishing  a  copy  of  the  record  un- 
der the  seal  of  Commissioner  of  Pat- 
ents, to  the  party  entering  the  same. 

Sec.  4.  That  all  laws  and  parts  of 
laws  inconsistent  with  the  foregoing 
provisions  be,  and  the  same  are  here- 
by repealed. 

Sec.  5.  That  this  act  shall  take  ef- 
fect on  and  after  the  first  day  of  Au- 
gust, 1874. 

TKADE-MARKS. 

[The  Constitutional  Provision, — The 
Congress  shall  have  power  ♦  ♦  • 
(3)  to  regulate  commerce  with  foreign 
nations,  and  among  the  several  States, 
and  with  the  Indian  tribes.  Art.  I, 
sec.  8.] 

the  statute  of  1876. 

CHAPTER  274.— An  Act  to  Pun- 
ish the  Counterfeiting  of  Trade- 
Mabk  Goods  and  the  Sale  or 
Dealing  in  of  Counterfeit  Trade- 
Mark    (iOODS. 

Be  it  enacted,  etc.  [Section  1],  That 
every  person  who  shall,  with  intent  to 
defraud,  deal  in  or  sell,  or  keep  or 
offer  for  sale,  or  cause  or  procure  the 
sale  of,  any  goods  of  substantially  the 
same  descriptive  properties  as  those 
referred  to  in  the  registration  of  any 
trade-mark,  pursuant  to  the  statutes  of 
the  United  States,  to  which,  or  to  the 
package  in  which  the  same  are  put  up, 
is  fraudulently  affixed  said  trade-mark, 
or  any  colorable  imitation  thereof,  cal- 
culated to  deceive  the  public,  knowing 
the  same  to  be  counterfeit  or  not  the 
genuine  goods  referred  to  in  said  regis- 
tration, shall,  on  conviction  thereof, 
be  punished  by  fine  not  exceeding 
$1,(XK)  dollars,  or  imprisonment  not 
more  than  two  years,  or  both  such  fine 
and   imprisonment. 

Sec.  2.  That  every  person  who 
fraudulently  affixes,  or  causes  or  pro- 
cures to  be  fraudulently  affixed,  any 
trade-mark  registered  pursuant  to  the 
statutes  of  the  United  States,  or  any 
colorable  imitation  thereof,  calculated 
to  deceive  the  public,  to  any  goods,  of 
substantially  the  same  descriptive 
properties  as  those  referred  to  in  said 
registration,  or  to  the  package  in 
which  they  are  put  up,  knowing  the 
same  to  be  counterfeit,  or  not  the 
genuine  goods,  referred  to  in  said  regis- 
tration, shall,  on  conviction  thereof, 
be  punished  as  prescribed  in  the  first 
section  of  this  net. 

Sec.  .'?.  That  every  person  who 
fraudulent\y    IriWs,  v^v    c«kwsv>"s.   c>t   xyt'sr 
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cures  to  be  fraudulently  filled,  any 
package  to  which  is  affixed  any  trade- 
mark, registered  pursuant  to  the  stat- 
utes of  the  United  States,  or  any  col- 
orable imitation  thereof,  calculated  to 
deceive  the  public,  with  any  goods  of 
substantially  the  same  descriptive 
properties  as  those  i-eforred  to  in  said 
registration,  knowing  the  same  to  be 
counterfeit,  or  not  the  genuine  goods 
referred  to  in  said  registration,  shall, 
on  conviction  thereof,  be  punished  as 
prescribed  in  the  first  section  of  this 
act. 

Sec.  4.  Tliat  any  person  or  per- 
sons who  shall,  with  intent  to  defraud 
any  person  or  pei'sons,  knowingly  and 
wilfully  cast,  engrave,  or  manufacture, 
or  have  in  his,  her,  or  their  possession, 
or  buy,  sell,  offer  for  sale,  or  deal  in, 
any  die  or  dies,  plate  or  plates,  brand 
or  brands,  engraving  or  engravings,  on 
wood,  stone,  metal,  or  other  substance, 
moulds,  or  any  false  representation, 
likeness,  copy,  or  colorable  imitation  of 
any  die  plate,  brand,  engraving,  or 
mould  of  any  private  label,  brand, 
stamp,  wrapper,  engraving  on  paper 
or  other  substance,  or  trade-mark,  reg- 
istered pursuant  to  the  statutes  of  the 
United  States,  shall,  upon  conviction 
thereof,  be  punished  as  prescribed  in 
the  first  section  of  this  act. 

Sec.  5.  That  any  person  or  persons 
who  shall,  with  intent  to  defraud  any 
person  or  persons,  knowingly  Bnd  wil- 
fully make,  forge,  or  counterfeit,  or 
have  in  his,  her,  or  their  possession,  or 
buy.  sell,  offer  for  sale  or  deal  in,  any 
representation,  likeness,  similitude, 
<opy,  or  ('olornl)Ie  imitation  of  any  pri- 
vate lal)«»l.  brand,  stamp,  wrapper,  en- 
graving, mould,  or  trade-mark,  regis- 
tered pursuant  to  the  statutes  of  the 
United  States,  sliall,  upon  convietion 
thereof,  be  punislied  as  prescril)e<l  in 
the  first   section  of  this  act. 

Sec.  <).  That  any  person  who  shall, 
with  intent  to  injure  or  defraud  tlie 
owner  of  any  trade-mark,  or  any  other 
person  lawfully  entitled  to  use  or  jn'o- 
tect  the  same,  buy.  sell,  offer  for  sale, 
(leal  in  or  have  in  his  possession  any 
used  or  empty  box.  envelope.  wrai)per. 
t-ase,  botth»,  or  other  package  to  whi<h 
is  afiixed.  so  that  the  same  may  be 
obliterated  witlunit  substantial  injury 
to  such  box  or  other  thing  aforesai(l. 
any  tra<le-niark.  registered  pursuant  to 
the  statutes  of  the  Unitt»(l  States,  not 
so  d«*face(l.  erased,  obliterated,  and  de- 
stroye<l  as  to  jirevent  its  fraudulent 
use.  shall,  ou  conviction  thereof,  be 
punished  rts  i>res«'ribed  in  the  first  sec- 
tjon  of  tJiis  net. 


Sec.  7.  That  if  the  owner  of  any 
trade-mark,  registered  pui-suant  to  the 
statutes  of  the  United  Sutes,  or  his 
agent,  make  oath,  in  writing,  that  he 
has  reason  to  believe,  and  does  believe, 
that  any  counterfeit  dies,  plates, 
brands,  engravings  on  wood,  stone, 
metal,  or  other  substance,  or  moulds  uf 
his  said  registered  trade-mark,  are  iu 
the  possession  of  any  person,  with  in- 
tent to  use  the  same  for  the  purpose 
of  deception  and  fraud,  or  make  such 
oaths  that  any  counterfeits  or  colorable 
imitations  of  bis  said  trade-mark,  lal)el, 
brand,  stamp,  wrapper,  engravings  on 
paper  or  other  substance,  or  empty 
box,  envelope,  wrapper,  case,  bottle,  or 
other  package,  to  which  is  affixed  said 
registered  trade-mark  not  so  defaced, 
erased,  obliterated,  and  destroj'ed  as 
to  prevent  its  fraudulent  use,  are  in 
the  possession  of  any  -person,  with  in- 
tent to  use  the  same  for  the  purpose 
of  deception  and  fraud,  then  the  sev- 
eral judges  of  the  circuit  and  district 
courts  of  the  United  States,  and  the 
commissioners  of  the  circuit  courts 
may,  within  their  respective  jurisdic- 
tions, proceed  under  the  law  relating 
to  .search-warrants,  and  may  issue  a 
search-warrant  authorizing  and  direct- 
ing the  marshal  of  the  United  States 
for  the  proper  district  to  seaivh  fur 
and  seize  all  said  counterfeit  dies, 
plates,  brands,  engravings  on  wood, 
stone,  metal,  or  other  substanc'e, 
moulds,  and  said  counterfeit  trade- 
marks, colorable  imitations  thereof, 
labels,  brands,  stamps,  wrappers,  en- 
gravings on  paper,  or  other  substance, 
and  said  empty  boxes,  envelopes,  wrap- 
pers, <'ases,  bottles,  or  other  packag(>s 
that  can  be  found;  and  upon  satisfac- 
tory proof  being  made  that  said  coun- 
terfeit dies,  plates,  brands,  engravings 
on  wood,  stone,  metal,  or  other  sub- 
stance, moulds,  counterfeit  trade- 
marks, colorable  imitations  thereof, 
labels,  brands,  stamps,  wi*ap|)ers.  en- 
gravings on  paper  or  other  substant^. 
empty  boxes,  envelopes,  wrappers, 
cases,  bottles,  or  other  packagt^.  are 
to  lie  used  by  the  holder  or  owner  for 
the  purposes  of  deception  and  fraud, 
that  any  of  said  judges  shall  have  full 
power  to  order  all  said  counterfeit 
dies.  i)lates.  brands,  engravings  on 
wood,  stone,  metal,  or  other  substani'e. 
moulds,  counterfeit  trade-marks,  col- 
orable imitations  thereof,  Ial)els, 
brands,  stamps,  wrappers,  engravim;s 
on  paper  or  other  substance,  empty 
boxes,  envelopes,  wrappers,  cases,  l)ot- 
tles.  or  other  packages,  to  be  publicly 
destroyed. 
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Sec.  8.  That  any  person  who  shall, 
with  intent  to  defraud  any  person  or 
persons,  knowingly  and  wilfully  aid  or 
abet  in  the  violation  of  any  of  the 
provisions  of  this  act,  shall,  upon  con- 
viction thereof,  be  punished  by  a  fine 
not  exceeding  five  hundred  dollars,  or 
imprisonment  not  more  than  one  year, 
or  both  such  fine  and  imprisonment. 

[August  14,   1876.] 

THE  STATUTE  OF  1881. 

CHAPTER    13a— An    Act   to    Au- 
thorize     THE      UeGISTBATION      OF 

Trade-Marks    and    Protect    the 
Same. 

Be  it  enacted,  etc,  [Section  1],  That 
owners  of  trade-marks  used  in  com- 
merce with  foreign  nations  or  with  the 
Indian  tribes,  provided  such  owners 
shall  be  domiciled  in  the  United  States 
or  located  in  any  foreign  country,  or 
tribes,  which,  by  treaty,  convention,  or 
law,  affords  similar  privileges  to  citi- 
zens of  the  United  States,  may  obtain 
registration  of  such  trade-marks  by 
complying  with  the  following  require- 
ments : 

First. — By  causing  to  be  recorded  in 
the  Patent  Office  a  statement  specify- 
ing name,  domicile,  location,  and  citi- 
zenship of  the  party  applying;  the 
class  of  merchandise,  and  the  particu- 
lar description  of  goods  comprised  in 
such  class  to  which  the  particular 
trade-mark  has  been  appropriated ;  a 
description  of  the  trade-mark  itself, 
with  facsimiles  thereof,  and  a  state- 
ment of  the  mode  in  which  the  same  is 
applied  and  affixed  to  goods,  and  the 
length  of  time  during  which  the  trade- 
mark has  been  used. 

Second. — By  paying  into  the  Treas- 
ury of  the  United  States  the  sum  of 
$25.0(),  and  complying  with  such  regu- 
lations as  may  be  prescribed  by  the 
Commissioner  of  Patents. 

Sec.  2.  That  the  application  pre- 
scribed in  the  foregoing  section  must, 
in  order  to  create  any  right  whatever 
in  favor  of  the  party  filing  it.  be  ac- 
companied by  a  written  dec^laration 
verified  by  the  person,  or  by  a  nienil)er 
of  a  firm,  or  by  an  officer  of  a  cor- 
poration applying,  to  the  effect  that 
such  party  has  at  the  time  a  right  to 
the  use  of  the  trade-mark  souglit  to  be 
registered,  and  that  no  other  person, 
firm,  or  corporation  has  the  right  to 
such  use,  either  in  the  identical  form 
or  in  any  such  near  resemblance  there- 
to as  might  be  calculated  to  deceive ; 
that  such  trade-mark  is  used  in  com- 
merce with  foreigrn  nations  or  Indian 
tribes,  as  above  indicated;  and  that  the 


description  and  facsimiles  presented 
for  registry  truly  represent  the  trade- 
mark sought  to  be  registered. 

Sec.  3.  That  the  time  of  the  re- 
ceipt of  any  such  application  shall  be 
noted  and  recorded.  But  no  alleged 
trade-mark  shall  be  registered  unless 
the  same  appear  to  be  lawfully  used 
as  such  by  the  applicant  in  foreign 
commerce  or  commerce  with  Indian 
tribes,  as  above  mentioned,  or  is  with- 
in the  provision  of  a  treaty,  conven- 
tion, or  declaration  with  a  foreign 
power;  nor  which  is  merely  the  name 
of  the  applicant ;  nor  which  is  identi- 
cal with  a  registered  or  known  trade- 
mark owned  by  another,  and  appro- 
priate to  the  same  class  of  merchan- 
dise, or  which  so  nearly  resembles 
some  other  person's  lawful  trade-mark 
as  to  be  likely  to  cause  confusion  or 
mistake  in  the  mind  of  the  public,  or 
to  deceive  purchasers.  In  an  applica- 
tion for  registration  the  Commissioner 
of  Patents  shall  decide  the  presumptive 
lawfulness  of  claim  to  the  alleged 
trade-mark;  and  in  any  dispute  be- 
tween an  applicant  and  a  previous 
registrant,  or  between  applicants,  he 
shall  follow,  so  far  as  the  same  may  be 
applicable,  the  practice  of  courts  of 
equity  of  the  United  States  in  analo- 
gous cases. 

Sec.  4.  That  certificates  of  regis- 
try of  trade-marks  shall  be  issued  in 
the  name  of  the  United  States  of 
America,  under  the  seal  of  the  I)e- 
Itartment  of  the  Interior,  and  shall 
l>e  signed  by  the  Commissioner  of  Pat- 
ents, and  a  record  thereof,  together 
with  printed  copies  of  the  specifica- 
tions, shall  be  kept  in  books  for  that 
I)urpose.  Copies  of  trade-marks  and 
of  statements  and  declarations  filed 
therewith  and  certificates  of  registry 
so  signed  and  sealed  shall  be  evidence 
in  any  suit  in  which  such  trade-marks 
shall  be  brought  in  controversy. 

Sec.  5.  That  a  certificate  of  regis- 
try shall  remain  in  force  for  thirty 
ypars  from  its  date,  except  in  ca.ses 
where  the  trade-mark  is  claimed  for 
jind  applied  to  articles  not  manufac- 
tured in  this  country,  and  in  which  it 
receives  protection  under  the  laws  of  a 
foreign  country  for  a  "ishorter  period, 
in  which  case  it  shall  cease  to  have 
any  force  in  this  country  by  virtue  of 
(his  act  at  the  time  that  such  trade- 
mark ceases  to  be  exclusive  property 
elsewhere.  At  any  time  during  the 
six  months  prior  to  the  expiration  of 
the  term  of  thirty  years  such  registra- 
tion may  he  renewed  on  the  samp 
terms  and  tor  a  \\>s.e  \>^V\ci^. 
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Sec.  6.  That  applicants  for  regis- 
tratiou  under  this  act  shall  be  credited 
for  any  fee  or  part  of  a  fee  hereto- 
fore paid  into  the  Treasury  of  the 
United  States  with  intent  to  procure 
protection  for  the  same  trade-mark. 

Sec.  7.  That  registration  of  a 
trade-mark  shall  be  prima  facie  evi- 
dence of  ownership.  Any  person  who 
shall  reproduce,  counterfeit,  copy,  or 
colorably  imitate  any  trade-mark  regis- 
tered under  this  act  and  aflix  the  same 
to  merchandise  of  substantially  the 
same  descriptive  properties  as  those 
described  in  the  registration  shall  \ye 
liable  to  an  action  on  the  case  for 
damages  for  the  wrongful  use  of  said 
trade-mark  at  the  suit  of  the  owner 
thereof;  and  the  party  aggrieved  shall 
also  have  his  remedy  according  to  the 
coui*se  of  equity  to  enjoin  the  wrong- 
ful use  of  such  trade-mark  used  in 
foreign  commerce  or  commerce  with 
Indian  tril)es,  as  aforesaid,  and  to  re- 
cover compensation  therefor  in  any 
court  having  jurisdiction  over  the  per- 
son guilty  of  such  wrongful  act ;  and 
courts  of  the  United  States  Khali  have 
original  and  appellate  jurisdiction  in 
such  cases  without  regard  to  the 
amount  in  controversy. 

Sec.  8.  That  no  action  or  suit  shall 
be  maintained  under  the  provisions  of 
this  act  in  any  case  when  the  trade- 
mark is  used  in  any  unlawful  business 
or  upon  any  article  injurious  in  itself, 
or  which  mark  has  been  used  with  the 
design  of  deceiving  the  public  in  the 
purchase  of  merchandise,  or  under  any 
certificate  of  registry  fraudulently  ob- 
tained. 

Sec.  U.  Tlint  any  person  who  shall 
procure  lh«»  n'gisiry  of  a  trade-mark, 
or  of  himself  as  the  owner  of  a  trade- 
mark, or  an  entry  respecting  a  trade- 
mark, in  the  otfice  of  the  Uommission- 
er  of  Patents,  by  a  false  or  fraudulent 
representation  or  dcilaration,  orally 
or  in  writing,  or  l>y  any  fraudulent 
means,  shall  be  liable  to  pay  any  <lam- 
ages  sustained  in  conse<|ueiice  thereof 
to  tlie  injured  party,  to  be  recovered 
in  an  action  on  the  case. 

Sec.  10.  That  nothing  in  this  act 
shall  prevent,  I«»ssen,  impeach,  or 
avoid  any  remedy  at  law  or  in  equity 
which  any  parly  aggrieved  by  any 
wrongful  use  of  any  trade-mark  might 
hav«»  iiatl  if  the  provisions  of  this  act 
had  not  Ihmmi  i»assed. 

Sec.  11.  That  nothing  in  this  act 
sliMJI  be  c()n*<truc(l  as  unfavorably  af- 
fcrtini:  a  <laiin  ^^*  :\  trade-mark  after 
the  fiTMi  of  r«'i;i<inition  ^^liall  have  ex- 
pired;  iior  Jo  ;,'ive  cognizance   to  any 


court  of  the  United  States  id  an 
action  or  suit  between  citizens  of  the 
same  State,  unless  the  trade-mark  in 
controversy  is  used  on  goods  intended 
to  be  transported  to  a  foreign  country, 
or  in  lawful  commercial  intercourse 
with  an  Indian  tribe. 

Sec.  12.  That  the  Commissioner  of 
Patents  is  authorized  to  make  rules 
and  regulations  and  prescribe  forms 
for  the  transfer  of  the  right  to  use 
trade-marks  and  for  recording  such 
transfers  in  his  office. 

Sec.  13.  That  citizens  and  residents 
of  this  country  wishing  the  protection 
of  trade-marks  in  any  foreign  coun- 
try the  laws  of  which  require  registra- 
tion here  as  a  condition  precedent  to 
getting  such  protection  there  may  reg- 
ister their  trade-marks  for  that  pur- 
pose as  is  above  allowed  to  foreigners, 
and  have  certificate  thereof  from  the 
l»atent  Office. 

Approved,  March  3,  1881. 

CHAPTER  303.— An  Act  Relating 

TO     THE     REUI8TRAT10N     OF     TraUE- 

Marks. 

Be  it  enacted,  etc, — That  nothing 
contained  in  the  law  entitled  "An  act 
to  authorize  the  registration  of  trade- 
marks and  protect  the  same/'  approved 
Man*h  3,  1881,  shall  prevent  the  regis- 
try of  anv  lawful  trade-mark  rightful- 
ly used  by  the  applicant  in  foreign 
commerce  or  commerce  with  Indian 
tril)es  at  the  time  of  the  passage  of 
said  act.     Approved,  August  5,   1882. 

Sec.  241KJ.  No  watches,  watch- 
cases,  watch-movements,  or  parts  of 
watch-movements,  or  any  other  arti- 
cles of  foi-eign  manufacture,  which 
shall  copy  or  simulate  the  name  or 
trade-mark  of  any  domestic  manufac- 
ture 1  manufacturer],  shall  be  admitted 
to  entry  at  the  custom-houses  of  the 
United  States,  unless  such  domestic 
manufacturer  is  the  importer  of  the 
same.  And  in  order  to  aid  the  officers 
of  the  customs  in  enforcing  this  pro- 
hibition, any  domestic  manufacturer 
who  has  adopted  trade-marks  may  re- 
quire his  name  and  residence  and  a  de- 
scription of  his  trade-marks  to  \ye  re- 
corded in  books,  which  shall  l)e  kept 
for  that  i)urpose  in  the  Department  of 
the  Treasury,  under  such  regulations 
as  the  Secretary  of  the  Treasury  shall 
prescribe,  and  may  furnish  to  the  I>e- 
partiueiit  facsimiles  of  such  trade- 
marks; and  thereuiK)n  the  Secretary 
of  the  Trejisury  shall  cause  one  or 
more  co]»ies  «)f  the  same  to  be  trans- 
mitted to  each  c«»lIe<'tor  or  other  prop- 
er olUcec  of  the  customs. 
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HISTORY  OF  THE  AMERICAN  PATENT  SYSTEM. 


«ntury  just  closed  stands  out 
lently    as    the  century   of   in- 
It  is  therefore  a  fitting  time 
:o  refer  to  the  origin,  estab- 
.  and  development  of  our  pat- 
>m,  to  call  to  mind  the  debt  the 
States  owes  to  inventors,  and 
ame  time  to  point  out  the  ad- 
\  that   have  followed  the  far- 
•risdom  of  the  framers  of  the 
Constitution  in  incorporating 
instrument    paragraph    8    of 
S  of  Article  1.  of  the  Consti- 
which    gave    to   Congress    the 
*To   promote   the   progress   of 
ind  the  useful  arts  by  securing 
pd  times  to  authors  and  invent- 
exclusive   rights   to   their   re- 
writings  and  discoveries." 
indred  years  ago  the  population 
I'nited   States  was   less   than 
),  and  there  was  not  a  single 
lin  our  borders  having  a  popu- 
f  75,000.     The  population   of 
)rk,    Philadelphia,    Baltimore, 
ton  was  less  than  the  present 
on  of  Minneapolis.     The  lat- 
and  its  sister  city  of  St.  Paul, 
Omaha,    and    Kansas    City 
iknown.     Not    a    stoara    pro- 
»8sel  was  in  use,  nor  was  there 
•  railroad  in  the  Tnited  States, 
nric  telegraph  and   telephone 
iknown.       Our    exports    con- 
agricultural  pro<hicts.     There 
•cely  any  well-doveloi)ed  line  of 
ture,   and   our  wants  in  that 
?  supplied  by  imports.     It  had 
I)olicy  of  England  to  suppress 
turing     in     its     colonies.     In 
aw  was  passed  in  Virginia  for 
)uragement    of   textile    mann- 
but  it  was  promptly  annulled 
and.     In   17*51   she  enacted   a 
libiting  the  carriage  of  woolen 
d  hats  from  one  colony  to  an- 
[n  17r»0  a  woollen  hat  factory 
ichusetts  was  declared  to  be  a 
and  suppressed.     No  carpets 
de  in  the  colonies  until  after 
ccept    rag    carpets.     In    18<K) 
«rere  in  this  country  a  luxury. 
1    to    1850    there    was    not    a 
)om  for  carpet   making  in  the 
Uates. 

is  true  in  the  textile  art  is 
:nie  of  most  of  the  other  arts. 
h  the  country  was  an  agricul- 
le,  little  progress  had  been 
the  manufacture  of  npri'ul- 
iplements.  It  was  not  until 
it  an  iron  plow  was  produced 
ountry.     The  nvi/>pr  a])])care«l 


in  1833  and  a  successful  thresher  not 
until  1850.  Up  to  the  time  of  the 
Civil  War  there  is  no  question  but 
that  the  country  continued  to  be  an 
agricultural  one.  It  is  true  that  dur- 
ing the  first  sixty  years  of  the  last 
(*entury  our  manufactures  steadily  and 
rapidly  increased  in  kind  and  in  extent, 
but  our  population  increased  even 
more  rapidly,  so  that  we  consumed 
what  we  manufactured  and  were  still 
largely  dei)endent  upon  the  import  of 
manufactured  articles.  But  in  the 
last  few  years  a  great  reversal,  not 
only  in  sentiment  but  in  conditions, 
has  occurred ;  the  commercial  relations 
of  the  I'nited  States  with  the  great 
trading  nations  of  the  world  have  rap- 
idly changed,  so  that  the  excess  of  im- 
ports of  manufactured  articles  has 
turned  into  an  excess  of  exports  of 
such  articles. 

One  need  not  look  far  for  the  cause 
of  this.  It  lies  in  the  e<'onomy  of 
manufacture  arising  from  the  use  of 
labor-saving  devices,  mainly  the  inven- 
tion of  our  own  people,  which  has  en- 
abled us  to  compete  in  many  lines  of 
manufacture,  notwithstanding  the 
higher  scale  of  wages  paid  in  this 
country,  with  similar  articles  manufac- 
tured by  any  or  all  nations.  To  em- 
ploy these  devices  to  the  best  advan- 
tage requires  the  intelligence  of  the 
American  workmen,  and  the  result  is 
due  to  the  combination  of  witty  inven- 
tions and  thinking  men.  Witless  men 
behind  witty  machines  would  be  of  no 
use.  To  the  patent  sy.stera  more  than 
to  any  other  cause  are  we  indebted  for 
the  industrial  revolution  of  the  cen- 
tury. 

President  Washington  realized  the 
importance  of  formulating  a  law  to 
stimulate  inventions,  and  in  his  first 
annual  message  to  Congress,  in  1790, 
said : 

"I  can  not  forbear  intimating  to 
you  the  expe<lien<'y  of  giving  effectual 
encouragement  as  well  to  the  intro- 
duction of  new  and  useful  inventions 
from  abroad  as  to  the  exertion  of  skill 
and  genius  in  pro<]ucing  them  at 
home.'* 

Congress  was  quick  to  act,  and  on 
April  10,  1700,  the  first  law  upon  the 
subjei't  was  enacted.  It  constituted 
the  Secretary  of  State,  the  Secretary 
of  War,  and  the  Attorney-CJeneral  a 
board  to  consider  all  applications  for 
patents.  Owing  to  the  fires  that  have 
destroyed  the  early  r<>vc\\vVA  v\^  vVvfe 
Pal  cut  Oflaco,  v^oift^  \\v^^^^\qw  V^s^v.  ^^Tv«^^ 


. littM 
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as  to  the  number  of  patents  issued 
nndcr  this  act;  but  from  the  best  in- 
formation obtainable  I  place  the  num- 
ber at  fifty-seven.  The  first  patent 
issued  was  to  Samuel  Hopkins,  July 
31,  IVJO,  for  making  pot  and  pearl 
ashes. 

The  act  of  1703  superseded  the  act 
of  ITiK),  and  remained  in  force  as 
amended  from  time  to  time  until  the 
act  of  1830  was  passed.  The  act  of 
ITDiJ  was  the  only  act  ever  passed  in 
this  country  which  provided  for  the  is- 
suance of  I^ttei-s  Patent  without  the 
requirement  of  an  examination  into 
the  novelty  and  utility  of  the  inven- 
tion for  which  the  patent  was  sought. 

The  act  of  1830.  with  modifications, 
remained  in  force  until  the  revision  of 
the  patent  laws  in  1870.  This  revi- 
sion was  largely  a  consolidation  of  the 
statutes  then  in  force. 

I'nder  the  revision  of  the  statutes 
of  the  United  States  in  1874  the  act 
of  1870  was  repeale<l ;  but  the  revision 
substantially  re-enacted  the  provisions 
of  the  act  of  1870. 

TJnder  the  acta  of  171)0  and  1703 
liCttors  Patent  were  granted  for  a 
term  of  fourteen  years.  There  was  no 
provision  for  extension ;  but  while  the 
act  of  1703  was  in  force  (.^ongress  ex- 
tended .some  thirteen  imtents. 

The  act  of  18:ji;  i>rovided  that  Let- 
ters Patent  should  be  granted  for  a 
term  of  fourteen  yeai*8,  and  provision 
was  made  for  an  extension  for  a  term 
of  sevt'u  years  up<in  due  application 
and  upon  a  proper  showing.  Until 
1848  i^etitions  for  extensions  were 
passed  upon  by  a  board  <'onsisting  of 
the  Secretary  (»f  State,  the  Commis- 
sioner of  Patents.  au<l  rho  Solicitor  of 
the  Treasury.  After  liiat  time  power 
was  vested  s<»lely  in  the  Connnissioner 
of  Patents. 

The  patent  act  of  March  2,  1801 
(section  10),  i)rovided  that  all  patents 
tliereafter  granted  shoiild  remain  in 
fone  for  a  term  of  seventeen  years 
from  the  <late  of  issue,  and  tlie  ex- 
tension of  such  patents  was  pro- 
hibited. 

The  consolidated  patent  act  of  1870. 
v.'hile  providini:  that  patents  should  i»e 
granted  for  a  term  of  seventeen  years, 
also  provided  that  ]»atents  granted 
prior  to  Mareh  *J.  1S01.  nii^ht.  ui)on 
due  application  and  a  proper  showinjr. 
he  extended  by  the  (\)minissioner  «»f 
Patents  for  a  term  of  ^^even  yi-ar**  from 
the   expiration    of   the   first    term. 

}W  the  n»vi<ion  of  the  pateni  laws 
in  1.S74  the  proliihition  acainst  the  ex- 
toijsion   of  jtntonts   was   dropped,   au<l 


since  that  time  Congress  has  had  the 
power  to  extend  Letters  Patent.  Con- 
gress extended  five  patents  granted  un- 
der the  act  of  1830,  and  in  nine  in- 
stances authorized  patentees  to  apply 
to  the  Commissioner  of  Patents  for  ex- 
tension of  their  patents.  So  far  as  I 
have  been  able  to  discover,  no  patent 
granted  for  a  term  of  seventeen  years 
has  been  extended  by  Congi^ss. 

It  was  not  until  1842  that  the 
statute  was  passed  authorizing  the 
grant  of  patents  for  designs,  t'nder 
that  act  design  patents  were  grante<I 
for  seven  years.  Subsequently  provi- 
sions were  made  for  granting  them  for 
terms  of  three  and  one-half,  seven,  and 
fourteen  years,  at  the  election  of  the 
applicant. 

By  the  act  of  March  2,  IfWH.  the 
Board  of  Examiners-in-Chief  was  es- 
tablished. Prior  to  that  time,  and 
during  the  incumbency  of  Commission- 
er Holt,  temi)orary  boards  of  exam  n- 
ers  to  decide  appeals  had  been  apj)oint- 
ed  by  him,  and  later  on  he  created  a 
permanent  board  of  three  examiners 
who  were  to  decide  on  appeal  rejectee! 
cases  and  submit  their  decisions  to 
him  for  approval. 

The  act  of  1870  made  the  first  pro- 
vision for  an  Assistant  Commissioner 
and  an  Examiner  of  Interferences. 
Another  pmvision  in  that  act  was  the 
power  given  the  (Commissioner,  sub- 
ject to  the  approval  of  the  Secretary 
of  the  Interior,  to  establish  regula- 
tions for  the  conduct  of  proceedings 
in  the  Office. 

On  January  1.  1808,  an  act  passe<l 
March  3,  18J)7,  went  into  fon-e. 
Some  of  the  provisions  of  this  act 
were  that  applications  for  patents 
shouhl  1h»  <'onipleted  and  prepare<l  for 
examination  within  one  year  after  tlio 
filing  of  the  application  and  that  the 
appli<*ant  should  prosecute  the  same 
within  one  .vear  after  an  action  there- 
on or  it  should  l)e  regarded  as  aban- 
doned { prior  to  that  time  two  years 
was  the  limit)  :  that  an  inventor 
should  be  <!elmrred  from  receiving  a 
patent  if  his  invention  had  been  first 
patented  by  him  or  his  legal  represen- 
tatives or  assigns  in  a  foreign  coun- 
try. provide<l  the  applic'ation  for  the 
foreign  patent  had  lieen  filed  more 
than  seven  months  prior  to  the  filng 
of  the  appli«  ation  in  this  country,  and 
that  if  the  invention  for  which  a  pat- 
<ni  was  applied  for  had  been  patented 
or  «h  scribed  in  any  printed  publication 
m  \\\'>i  or  any  foreign  country  for 
more  than  two  years  prior  to  the  ap- 
pUciititm  a  patent  could  not  issue. 
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The  first  provision  for  affordiDz  ac- 
commodations for  the  Patent  Office 
was  in  1810,  when  Congress  authorized 
the  purchase  of  a  building  for  the 
General  Post-office  and  for  the  office 
of  the  Keeper  of  Patents.  The  build- 
ing purchaeed  was  known  as  **Blod- 
gett's  Hotel/'  and  stood  on  the  site 
now  occupied  by  the  south  front  of 
the  building  until  recently  occupied  by 
the  Post-office  Department,  and  now 
used  by  several  bureaus  of  the  Interior 
Department.  The  east  end  of  this 
building  was  used  for  the  records,  mod- 
els, etc.,  of  the  I'atent  Office.  This 
building  was  destroyed  by  fire  Decem- 
ber 13.  183G.  On  July  4,  183G,  an  act 
was  passed  appropriating  $108  000  for 
the  erection  of  a  suitable  building  for 
the  accommodation  of  the  Patent 
Office,  and  within  that  month  tlic 
erection  of  the  building  was  begun. 

It  was  the  present  south  front  of  the 
Patent  Office,  excluding  the  south  ends 
of  the  east  and  west  wings.  The  base- 
ment (which  is  now  the  first  or  ground 
iloor)  was  to  be  used  for  storage  and 
analogous  purposes,  the  first  or  por- 
tico floor  for  office  rooms,  and  the  sec- 
ond floor  was  to  be  one  large  hall  with 
galleries  on  either  side,  and  to  have 
a  vaulted  roof.  This  hall  was  to  be 
osed  for  exhibition  purposes,  for  the 
display  of  models  of  patented  and  un- 
patented inventions,  and  also  as  a  na- 
tional gallery  of  the  industrial  arts 
and  manufactures. 

During  the  erection  of  the  Patent 
Office  building  temporary  quarters 
were  provided  in  the  City  Hall.  In 
the  spring  of  1840  the  building  was 
completed  and  the  Office  moved  into  it. 
The  sum  of  $422,011.05  was  expend- 
ed on  this  building.  The  patented 
models  were  then  classified  and  ex- 
hibited in  suitable  glass  cases,  while 
the  national  gallery  was  arranged  for 
exhibition   of   models   and    speL'imens. 

By  the  act  of  March  3,  1840,  the 
Interior  Department  was  established 
and  the  Patent  Office  attached  thereto. 
This  same  act  appropriated  $50,000 
out  of  the  patent  fund  to  begin  the 
east  or  Seventh  street  wing,  which  was 
completed  in  1862  at  a  cost  of  WKl- 
000,  $250,000  of  which  was  *  taken 
from  the  revenue  of  the  Patent  Office. 
In  1852  the  plans  for  the  entire  build- 
ing, as  it  now  stands,  were  prepared. 
The  west  wing  was  completed  in  1856 
and  cost  $750,000.  Work  on  the  north 
or  G  street  wing  was  begun  the  sjinie 
year.  In  1807  th's  wing  was  finish<»d 
at  a  cost  of  $575,000.  The  entire 
building  cost  $2,347,011.65. 


Since  July  28,  183G,  667,173  pat- 
ents for  inventions,  and  since  1842 
34,018  patents  for  designs  have  been 
issued  by  this  office.  Many  of  these 
patents  are  for  minor  improvements, 
but  among  them  may  be  found  a  very 
large  number  covering  the  most  re- 
markable and  valuable  inventions, 
which  have  added  untold  sums  to  the 
world's  wealth,  revolutionized  the  old 
arts,  created  new  ones,  brought  old- 
time  luxuries  within  the  reach  of  all, 
and  made  life  doubly  worth  living. 
These  contributions  have  come  from 
men  and  women,  white  and  colored. 
To  many  inventors  more  than  a  hun- 
dred patents  have  been  issued.  The 
following  are  some  of  the  inventors 
who  have  received  more  than  that 
number  between  1872  and  1900,  both 
years  inclusive : 

Thomas  A.  Edison 742 

Francis  H.  Richards 619 

Klihu  Thomson 444 

Charles  E.  Scribner 374 

Luther  C.  Crowell 293 

Edward  Weston 280 

Rudolph  M.  Hunter •.  276 

Charles    J.     Van     Depocle     (de- 
ceased )  245 

George  Westinghouse 230 

,Iohn  W.  Hyatt 209 

Freeborn   F.  Uaymond,  2d 182 

Sydney  H.  Short 178 

Rudolf  Elckemeyer    ( de<'eased ) .  .  171 

Milo  G.  Kellogg 159 

Walter  Scott 156 

Arthur  .1.  Moxham 150 

Cyrus  W.  Saladee 148 

Louis  Goddu 146 

Hiram   S.   Maxim 146 

(Jeorge  D.  Burton 144 

Lewis  H.  Nasi! 142 

Edwin  Norton 141 

Abbot  Augustus  Low 137 

Philip  Diehl 1.37 

.Tames  C.  Anderson 135 

Edward  J.  Brooks : . .  .  133 

Elmer  A.  Sperry 132 

Peter  K.  Dederirk 128 

Hosea  W.  Lil»l>ov 127 

.Tames  F.  McElroy 121 

William   X.  Whiteley 121 

Horace  Wvnian 118 

Frank   Uhind 117 

Louis  K.  .Tolinson 114 

Warren  H.  Taylor 112 

James  M.  Dodge Ill 

George  II.  Uevnolds 110 

Talbot   C.   Dexter 100 

.Tames  II.  Northrop 102 

From  1700  to  March  1.  189^^,  wi\sift 
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but  uue  patent,  although  there  are 
many  eiceptiooB.  While  the  mnjorily 
of.  patents  framed  them  nre  for  im- 
provementa  m  wearing  apparel  and  in 
artit'ies  for  household  uae,  (hey  have 
invented  and  ret'eived  patents  for  aild- 
ing  machines,  wtndmilig,  horseshoeii, 
agricultural   implementa,   and   Sre   ea- 

To  Home  1G5  colored  Inventors  about 
400  pateiila  have  been  iHaned.  Tweu- 
ty-eight  patents  have  been  issued  lo 
one  and  to  another  22.  So  far  ss  the 
records  show,  Henry  Blair,  of  Mary- 
land, was  the  firat  colored  patentee. 
In  1S;m  he  received  a  patent  for  a 
<.'Orn  planter,  and  in  183U  one  for  a 
cotton  planter.  The  character  of  their 
inventions  follows  lines  suggested  by 
their  employment.  Employed  in  the 
Held  and  in  the  house,  improvements 
in  agricultural  implements  and  arti- 
cles of  domeatic  use  predomiuate.  The 
sphere  of  their  inventive  effort  has 
widened  with  the  added  opportunities 
afforded  chem  lo  engage  in  mechanlcnl 
vocations.  They  have  made  contribu- 
tions to  the  electric  arts  and  stenm 
engineering,  and  many  improvements 
in  railway  appliani'i's  and  pajier-bng 
machinen.  Before  the  Civil  War  the 
master  of  n  slave  living  in  Missisgippl 
made  application  for  a  patent,  hut  the  i 
Atloniey-Cieneral  held  in  an  opinion 
reiKjried  in  vol.  !),  Atlomey-denerars  ! 
Opinions,  page  ITl,  that  an  invention 
of  a  slave,  though  i"  ' .  -  . 


ful.  ( 


lid  n 


eil. 


In  May,  I8112.  I'resident  .TelTerson 
appointiil  l>r.  William  Tliornlon  as  a 
eferk  at  fl.mt  per  year,  to  have 
charge  of  the  Issuani'e  of  jintcnts.  He 
took  (be  title  of  Sniieriiiiendcnt.  and 
coiiliniieil  to  act  in  that  capacity  un- 
til bis  death,  March  2K.  Mf'H.  He 
was  sun'eei1p<1  by  I>r.  William  V. 
Junes,  who  acted  until  bis  removal  in 
the  early  |Mirt  of  I'resldent  Jackson's 
admuii^iiralioii.  .lohn  II.  <'raig  M- 
Inwed  E>r.  Jones,  and  in  IKM  be  was 
suiif-eiled  by  B,  F.  I'ickcll,  who  servi-d 
bill  a  brief  neriiHl.  The  last  Sniierln- 
tendent  was  Henry  U  RIUw<irlh,  who 


iH-cnn 


'   first 


rved  u 


il  1H4.-1. 


Edmund  Burke.  Mnv  4.  ia4r.. 
Tiiomni-  KwliHuk,  Mav  !).  l.'W!l. 
Rila«  H.  Hddg™.  Nnvcmbcr  ,'*. 
CharhK  .Uhsoii.  .Mav  in.  1H.\'!. 


Joseph   Holt,   September   10,  18.iT. 

William  I).  Bishop.  May  27,-18C>U. 

Philip  F,  Thomas,  February  1«,  18WI. 

U.  P.  Holloway.  March  28,  1801. 

T.  C.  Theaker.  August  IT.  ISf^ 

Klisba  Foote.  July  29,  18U8. 

Samuel  S.  Fisher.  April  20,  IStift. 

Commissioner  Fisher  coDtinued  as 
Commisaioner  for  a  short  time  undrr 
the  act  of  18T0.  Other  Commissiun- 
era  under  that  art  have  been  : 

M.  D.  Leggelt,  January  1«,  1871. 
John  M.  Thacber,  November  4,  18T4. 
It.  11.  Duell.  October  1,  18T5. 
Ellis  Spear,  January  30,  18T7. 
H.  E.  I'aine.  November  1,  1878. 

E.  M.  Marble,  May  7,  1S8U. 
Benjamin   Butterwortb.   November   1, 

188:^. 
M.  V.  Montgomery,  March  23.  MSiJ. 

B.  J.  Hall,  April  12,  188T. 

C.  E.  Mitchell,  April  1.  1889. 
William  B.  Simonds.  August  1,   1801. 
John  S.   Seymour.  March  31,   18i>3, 
Benjamin  Butterwortb,  April  T,  I8!IT. 
Charles  H.  Duell,  February  3,  ISttt 

F.  I.  Allen,  April  11,  1901. 
Commissioner  Fisher  was  the   first 

to  publish  bis  decisions  and  to  bnve 
the  copies  of  the  specifications  ami 
drawings  made  by  photo-lithography. 
He  also  instituted  the  practice  of  re- 
quiring comi»elitive  examinations  (or 
entrance  to  and  promotions  in  the 
eianiining  force  of  the  office. 

Beginning  in  1843  and  annually 
Ihcreatter  the  Patent  Office  re|ioris 
were  publisbed,  which,  until  18.VI.  •■an- 
tained  merely  an  alphabetical  indei  of 
the  names  of  the  invenlura.  a  list  of 
the  expired  patents,  and  (be  claims  of 
the  patents  granted  during  the  week. 
In  18r>.S  and  afleru-ard  small  engmri!il 
copies  of  a  portion  of  the  drawinn 
were  added  to  the  reports  to  explain 
I   the  claim<>. 

The  act  of  18T0  authorised  the  Cotn- 

I   miiwiouer  to  print  copies  of  tbe  claims 

of  the  current   Issues  of  patents  anil 

I   of  such   laws,  decisions,  and   rules  »s 

I   wi'iv  necessary  for  tbe  information  of 

I   the   nublic.     In   conformity   with  this 

provii^nn  there  was  published   weekly 

n   list   giving  the  nural>ers,   titles,  atiil 

claims   of   the   patents   issued    durinit 

the   week    immcil lately   preeeiling.    to- 

I    gether  with   the  names  and  reHideni-en 

of  tbe   pntcnteea.     This  list   waa  first 

publisbcd    unite r    the    name    of    The 

Ofiicial  (iazctle  of  the  Tnlted   States 
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claims  in  the  patented  cases.  The 
Official  Gassette  has  now  become  one 
of  the  most  valuable  and  important  of 
<iovemment  publications.  Each  Sena- 
tor and  Representative  is  authorized  to 
deHiguate  eight  public  libraries  to  re- 
ceive this  publication  free.  One  copy 
is  also  furnished  free  to  each  member 
of  Congress.  It  is  also  sent  ail  over 
the  world  in  exchange  for  similar  pub- 
lications by  other  (governments,  and 
its  paid  subscription  list  is  constantly 
increasing. 

The  American  patent  system  is 
known  and  spoken  of  as  the  '*exam- 
ination  system,"  in  contradistinction 
to  the  English  system,  which  has 
l)een  mainly  followed  by  other  nations. 
'Hie  examination  system  is  the  ideal 
system,  provided  the  examination  can 
be  made  with  sufficient  care  to  mini- 
mize the  likelihood  of  the  issue  of  pat- 
ents for  inventions  not  of  a  patentable 
nature.  The  field  of  search,  however, 
yearly  increases,  and  it  becomes  more 
and  more  difficult  through  lack  of  time 
to  make  a  perfect  examination.  Some- 
thing more  than  two  million  domestic 
an<l  foreign  patents  have  been  issued 
while  the  number  of  scientific  publi- 
cations has  enormously  increased.  It 
is  only  by  means  of  a  perfect  classifi- 
cation that  this  great  mass  of  matter 
can  be  so  divided  as  to  be  convenient- 
ly accessible  for  use  in  the  examination 
of  any  individual  case. 

Of  our  patent  system  it  has  been 
well  said : 

**It  is  generally  recognized  by  the 
most  profound  students  of  our  insti- 
tutions, both  at  home  and  abroad,  that 
no  one  thing  has  contributed  more  to 
the  pre-eminence  of  this  country  in  the 
industrial  arts  and  in  manufacturoii 
than  the  encouragement  given  by  our 
Constitution  and  laws  to  inventors  and 
to  investors  in  patent  property." 

The  system  is  by  no  means  perfect ; 
but  it  is  generally  acknowledged  that 
the  patent  laws  of  the  Cnited  States 
are  more  liberal  than  those  of  any  oth- 
er country,  and  that  the  examination, 
imperfect  though  at  times  it  be,  gives 
a  value  to  a  Unite<l  States  patent  not 
iwssessed  by  a  patent  issued  by  a  coun- 
try not  having  an  examination  system. 
It  is  undoubtedly  true  that  the  prac- 
tice before  the  Patent  Office  lacks  sta- 
bility and  uniformity  by  reason  of  the 
freciuent  changes  of  Commissioners, 
which  prevents  the  establisliment  of 
definite  policies.  The  sahiries  paid  to 
the  (Commissioner  and  Assistant  Com- 
missioner, to  the  examiners  in  chief, 
and  to  the  examiners  of  the  various 


grades  are  inadequate.  It  is  also  true 
that  too  many  appeals  are  permitted, 
and  interference  proceedings  are  ren- 
dered onerous  and  complicated  by  the 
number  of  motions  and  appeals  pro- 
vided by  the  laws  and  rules.  The 
most  serious  defect,  however,  follows 
from  the  power  to  keep  applications  in 
the  Office  for  indefinite  times  through 
delays  in  amending  the  same.  The  act 
of  March  3,  1807,  was  intended  to 
prevent  or  check  this  evil ;  but  it  has 
failed  of  its  purpose.  At  the  present 
time  about  75  i>er  cent  of  the  patents 
grante<l  are  issued  within  one  year 
after  being  filed,  and  were  it  not  for 
the  fact  that  applications  are  unduly 
delayed  at  least  90  per  cent  would 
issue  within  that  time.  The  rights  of 
the  public  would  be  protected  and  very 
seldom  would  an  injustice  be  done  to 
an  inventor  if  provision  was  incorpo- 
rated into  the  patent  laws  providmg 
that  unless  an  application  became  in- 
volved in  an  interference  it  should  not 
l)e  permitted  to  remain  in  the  Patent 
Office  more  than  three  years  without 
abridging  its  life  of  seventeen  years. 

The  records  of  the  Office  show  that 
there  were  pending  in  IIXK),  4,829 
applications,  filed  prior  to  Janu- 
ar;^'  1,  1898.  Three  of  these  ap- 
plications were  filed  in  1880, 
one  in  1881,  four  in  1882,  three 
in  1884,  three  in  1885,  thirteen  in  188<?, 
seven  in  1887,  thirteen  in  1888,  nine- 
teen in  1S89,  twenty-three  in  1800. 
forty-five  in  1891,  sixty-four  in  1892, 
one  hundred  and  three  in  1893,  one 
hundred  and  fifty-four  in  1894,  three 
hundred  and  sixty-eight  in  1895,  nine 
hundred  and  ninety-two  in  1896,  and 
three  thousand  and  eleven  in  1897. 

Ir  will  be  seen,  therefore,  that  an 
application  moy  be  kept  alive  indefi- 
nitely, if  it  be  desired.  While  the  list 
above  given  embraces  only  such  appli- 
cations as  were  filed  under  the  law  as 
it  existed  prior  to  January  1,  1898, 
yet  ten  years  later  a  similar  list 
will  undoubtedly  be  given,  provided  the 
statutes  are  not  amended,  for  the  only 
difference  lies'  in  the  fact  that  amend- 
ments now  have  to  be  made  within  a 
.vear  after  the  official  action  instead  of 
two  years  under  the  prior  act.  A  law 
which  permits  this  should  be  cor- 
rected. 

It  should  continue  to  l)e  the  policy 
of  the  government  of  a  nation  whose 
inventors  have  given  to  the  world  the 
cotton-gin  and  the  reai>er,  the  sewing 
machine  and  the  typewriter,  the  elec- 
tric telegraph  ami  teWv\\<^\w»  \Vvvi  \^- 
tary  web  pertecl\ti%  v^mWxv^  \>x'i'SA  ^xA 
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the  linotype,  the  inoandesoeut  lamp 
and  the  phonograph,  and  thousands  of 
other  inventions  that  have  revolution- 
ized every  industrial  art,  to  encourage 
invention  in  every  lawful  way  and  to 
provide  that,  so  far  as  may  be  neces- 
sary, the  money  paid  to  the  Govern- 
ment by  inventors  be  used  for  their 
benefit.  The  wisdom  of  the  policy  has 
been  demonstrated. 

The  world  owes  as  much  to  invent- 
ors as  to  statesmen  or  warriors.     To 


them  the  United  States  is  the  greatest 
debtor,  so  much  have  they  advanced 
American  manufactures.  Their  labor- 
saving  machinery  does  work  that  it 
would  take  millions  of  men  using  hand 
implements  to  perform.  In  this  cen- 
tury the  debt  will  be  piled  still  higher, 
for  inventors  never  rest. — Abstract  of 
report  for  1900. 

C.  H.  DUELL. 
Commissioner   of    Patents. 


THE   COPYRIGHT  LAW   OF  THE  UNITED   STATES. 


CONSTITUTION,   1787. 

Art.  1.  Se<*.  8.  The  Congress  shall 
have  power  *  ♦  ♦  To  promote  the 
progress  of  science  and  useful  arts,  by 
Securing  for  Limited  Times  to  Au- 
thors and  Inventors  the  Exclusive 
Right  to  their  Respective  Writings 
and  Discoveries. 

ACTS    OF   CONGRESS. 

Sec.  4048.  All  records  and  otlier 
things  relating  to  copyrights  and  re- 
quired by  law  to  be  preserved,  shall  be 
under  the  control  of  the  Librarian  of 
Congress,  and  kei)t  and  preserved  in 
the  Library  of  Congress. 

[The  Appropriation  Act  approved 
February  19,  1897,  provides  for  the 
appointment  of  a  "Register  of  Copy- 
rights, who  shall,  on  and  after  July  1, 
1897,  under  the  direction  and  super- 
vision of  the  Librarian  of  Congress, 
perform  all  the  duties  relating  to  copy- 
rights, and  shall  make  weekly  deposits 
with  the  Setietary  of  the  Treasury, 
moil t lily  reports  to  the  Sec- 
tlu'  Treasury,  and  to  the 
of  Conjrrcss.  an<l  shall,  on 
July  1.  1897,  give  bond  to 
the  Librarian  of  Congress,  in  the  sum 
of  $1!0.(MM).  with  approved  sureties,  for 
the  faithful  discharge  of  his  duties."] 

Sec.  4949.  The  seal  provided  for 
th«^  office  of  the  Lil)rarian  of  ('onjrress 
shall  lie  the  seal  thereof,  and  by  it  all 
records  and  papers  issued  from  the 
ofhce.  and  to  be  used  in  eviden«  e  shall 
be  authenticated. 

Sec.  4U7)i).  The  Appropriation  Act, 
apiMoved  February  li),  1897.  i)rovi«les  : 
"The  Librarian  of  Concress  shall  on 
and  after  July  1.  1H!)7.  i?ive  bond,  pay- 
able to  the  I'nited  States,  in  the  sum 
of  $*JO.(M)().  with  *iureties  approved  I»y 
the  Secretary  of  the  Treasury,  for  the 
failliful  di^charir*^  of  his  duties  ac 
cording  to   hnv." 

Sec.   4}>r)1.     The   Librarian  of  Con- 
^ress  fihall  niako  an  annual  report  to 


and  mak(* 
retary  of 
Librarian 
and   after 


Congress  of  the  numl)er  and  descrip 
tion  of  copyright  publications  for 
which  entries  have  been  made  during 
the  year. 

Sec.  4952.  The  author,  inventor, 
designer,  or  proprietor  of  any  book, 
map,  chart,  dramatic  or  musical  com- 
position, engraving,  cut,  print,  or 
photograph  or  negative  thereof,  or  of 
a  painting,  drawing,  chromo,  statue, 
statuary,  and  of  models  or  designs  in- 
tended to  be  perfected  as  works  of  tlie 
fine  arts,  and  the  executors,  adminis- 
trators, or  assigns  of  any  such  person 
shall,  u])on  complying  with  the  provi- 
sions of  this  chapter,  have  the  sole 
liberty  of  printing,  reprinting,  pub- 
lishing, completing,  copying,  executing, 
finishing,  and  vending  the  same :  and. 
in  the  case  of  dramatic  composition,  of 
publicly  performing  or  representing  it, 
or  causing  it  to  be  performed  or  repi-e- 
sented  by  others ;  and  authors  or  their 
assigns  shall  have  exclusive  right  to 
dramatize  and  translate  any  of  tbeir 
works  for  which  copyright  shall  have 
Keen  obtained  under  the  laws  of  the 
I'niteu  States. 

In  the  construction  of  this  act  the 
words  "engraving,"  "cut."  and  "print.*' 
shall  be  api>lied  only  to  pictorial  illus- 
trations or  works  connected  with  the 
fine  arts,  and  no  prints  or  labels  d*^ 
signed  to  be  used  for  any  other  articles 
of  manufacture  shall  be  entered  under 
the  copyright  law,  but  may  be  regis- 
tered in  the  Patent  Office.  And  the 
Commissioner  of  Patents  is  hereby 
char^red  with  the  supervision  and  con- 
trol of  the  entry  or  registry  of  such 
prints  or  labels,  in  conformity  with 
the  rejrulat'ons  provided  by  law  as  to 
copvricht  of  prints,  except  that  there 
shall  be  paid  for  recording  the  title  of 
any  print  or  label,  not  a  trade-mark. 
.S(;.(M).  win'ch  shall  cover  the  exfwnse  of 
furnishinir  a  copy  of  the  record,  under 
the  seal  of  the  Commissioner  of  Pat- 
owt?\.  Vo  X\\v^  v^t\.>'  ^wtArinc  the  same. 
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d53.  Copyrights  shall  be 
or  the  term  of  twenty-eight 
n  the  time  of  recording  the 
K>f,  in  the  manner  hereinaf- 
ed. 

'A,     The  author,  inventor,  or 
if  he  be  still   living,   or  bin 
children,  if  he  be  dead,  shall 
same  exclusive  right  contin- 
he  further  term  of  fourte<*n 
yn  rei'ording  the  title  of  the 
description  of  the  article  »o 
second  time,  and  complying 
ther  regulations  in  regard  to 
opyrights,  within  six  months 
expiration  of  the  first  term 
1    person    shall,    within    t^o 
om  the  date  of  8aid  rent>wnl. 
opy  of  the  rword  thereof  to 
led  in  one  or  more  newspa- 
ted  in  the  I'nited  States,  for 
of  four  weeks. 
TyTi.     Copyrights  shall  be  as- 
n  law  by  any  instrument  of 
nd  such  assignment  shall  be 
n  the  office  of  the  Librarian 
9s  within  sixty  days  after  its 
;  in  default  of  whi<>h  it  shall 
against  any  subsequent  pur- 
mortgagee    for   a    valuable 
ion,   without   notice. 
."jG.     No  person  shall  be  en- 
copyright  unless  be  shall,  on 
the   day   of  publicaton,    in 
y  foreign  country,  deliver  at 
>f  the  Librarian  of  Congress, 
t    in    the    mail    within    the 
ates,  addressed  to  the  Libra- 
ngress,  at  Washington,  D.  C. 
copy  of  the  t.tle  of  tlje  book, 
t,  dranmti(r  or  musical  com- 
engraving,  cut,  print,  photo- 
chrome, or  a  description  of 
ig,  drawing,  statue,  statuary, 
pi  or  design,   for  a   work  of 
rts,   for  which  he  ilesircs  a 
;    nor    unless    he   shall    also. 
than  the  day  of  the  i)ubli- 
reof.  in  this  or  any  foreign 
Jeliver   at    the   office  of    the 
of  Congress,  at  Wa>jbinjrfon. 
deposit   in   the  mail   wiibiii 
d    States,    addressed    to    tin' 
of  (Congress,  at  \Vasbin;:toii. 
'O  copies   of   such    copyrisbt 
,  chart,  dramatic  or  musical 
»n.    engraving,    chromo.    cut. 
ihotograph.  or  in  <ase  of  a 
drawing,    statue,    statuary. 
lesign  for  a  work  of  the  fine 
3tograph  of  the  same  :     Pro- 
it  in  the  case  of  a  book,  plio- 
cbromo,    or    lithoirraph.    tlie 
I  of  the  same  re«piired  to  be 
or  deposited  as  above,  shall 


be  printed  from  type  set  within  the 
limits  of  the  I'nited  States,  or  from 
plates  made  therefrom,  or  from  nega- 
tives, or  drawings  on  stone  made  with- 
in the  lim.ts  of  the  United  States,  or 
from  transfers  made  therefrom.  Dur- 
ing the  existence  of  such  copyright  the 
importation  into  the  I'nited  States  of 
any  brook,  chromo.  lithograph,  or  pho- 
tograph, so  copyrighted,  or  any  edition 
or  editions  thereof,  or  any  plates  of 
the  same  not  made  from  type  set,  nega- 
tives, or  drawings  on  stone  made  with- 
in the  limits  of  the  United  States,  shall 
be,  and  is  hereby  prohibited,  except  in 
the  cases  specified  in  paragraphs  512 
to  51*j,  inclusive,  in  Section  2  of  the 
a<-t  entitled  An  act  to  reduce  the 
revenue  and  equalize  the  duties  on  im- 
ports an<l  for  other  purposes,  approved 
(>ciol)er  1.  181)0;  and  except  in  the 
case  of  persons  purchasing  for  use  and 
not  for  sale,  who  import  subject  to  the 
duty  thereon,  not  more  than  two  cop- 
ies of  such  books  at  any  one  time; 
and.  except  in  the  case  of  newspapers 
and  magazines,  not  containing  in 
whole  or  in  part  matter  copyrighted 
under  the  provisions  of  this  act,  un- 
authorized by  the  author,  which  are 
hereby  exempted  from  prohibition  of 
importation  ; 

Provided,  nevertheless.  That  in  the 
<ase  of  books  in  foreign  languages,  of 
which  only  translations  in  English  are 
(opyrighted,  the  prohibition  of  impor- 
tation shall  ap])ly  only  to  the  trans- 
lation of  the  same,  and  the  importation 
of  the  books  in  the  original  language 
shall   be  i»ermitted. 

Sec.  4057.  The  Librarian  of  Con- 
gress .shall  record  tlie  name  of  such 
copyright  book,  or  other  article,  forth- 
with in  a  book  to  be  kept  for  that  pur- 
l)Ose,  in  the  words  following :  "Lib- 
rary of  Congress,  to  wit  :  Be  it  re- 
membered   that    on    the   day    of 

,  A.  B..  of ,  hath  deposited  in 

this  otTice  the  title  of  a  book  (map^ 
<bart,  or  otherwise,  as  the  case  may 
l»e.  or  descri])tion  of  the  article),  the 
title  or  description  of  whi<b  is  in  the 
following  words,  to  wit:  (here  insert 
the  title  or  description  I.  the  right 
whereof  he  claims  as  author  (origina- 
tor, or  proprietor,  as  the  case  may  be), 
in  conformity  with  the  laws  of  the 
United  States  respecting  copyrights. 
('.  1).,  Librarian  of  Congress."  And 
be  shall  give  a  copy  of  the  t'tle  or 
description  under  the  seal  of  the  Li- 
brarian o<^  Cr)ntrress.  to  the  proprietor, 
whenever  be  shall  retpiire  it. 

Sec.  V.iTtH.     The  Librarian  of  Cqu 
gress  8\\j\U  reee'w^  iToxa  \.\v^  x^^t^oivss*  \.v> 
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whom  the  services  designated  arc  ren- 
dered, the  following  fees:  1.  For  re- 
cording the  title  or  description  of  any 
copyright  book  or  other  article,  50 
cents.  2.  For  every  copy  under  seal 
of  such  record  actually  given  to  the 
person  claiming  the  copyright,  or  his 
assigns,  50  cents.  [3.  For  recording 
and  certifying  any  instrument  of  writ- 
ing for  the  assignment  of  a  copyright, 
$1.00.  4.  For  every  copy  of  an  as- 
signment, $1.00.]  All  fees  so  received 
shall  be  paid  into  the  treasury  of  the 
Inited  States:  Provided,  That  the 
charge  for  recording  the  title  or  de- 
scription of  any  article  entered  for 
copyright,  the  production  of  a  person 
not  a  citizen  or  resident  of  the  United 
States,  shall  be  $1.00,  to  be  paid  as 
above  into  the  treasury  of  the  United 
States,  to  defray  the  exiienses  of  lists 
of  copyrighted  articles  as  hereinafter 
provided  for. 

And  it  is  hereby  made  the  duty  of 
the  Librarian  of  C^ongress  to  furnish 
to  the  Secretary  of  the  Treasury  copies 
of  the  entries  of  titles  of  all  books  and 
other  articles  wherein  the  copyright 
has  been  completed  by  the  deposit  of 
two  coi)ies  of  such  book  printed  from 
tyi)e  set  within  the  limits  of  the  United 
States,  in  accordance  with  the  provi- 
sions of  this  act,  and  by  the  dei)osit 
of  two  copies  of  such  other  article 
made  or  produced  in  the  ITnitrd 
States;  and  the  Secretary  of  the 
Treasury  is  hereby  directed  to  prepare 
and  print,  at  intervals  of  not  more 
than  a  week,  catalogues  of  such  title- 
entries  for  distribution  to  the  collect- 
ors of  customs  of  the  United  States, 
and  to  the  postmasters  of  all  post- 
offices  receivinj?  foreign  mails,  and 
such  weekly  lists,  as  tliey  are  issued, 
shall  Ik?  furnished  to  all  i)arties  dosir- 
iiig  tliem,  at  a  sum  not  exceeding  live 
dollars  jum"  annum,  and  the  Secretary 
an<l  tlie  Postmaster-(ieneral  are  here- 
by empowered  and  re(iuire<l  to  make 
and  enforce  such  rules  and  rcgulaticms 
as  shall  prevent  the  im])ortation  into 
the  United  States,  except  upon  the 
conditions  above  specified,  of  all  arti- 
cles prohibited  by  this  act. 

Sec.  4U7)i).  Tlie  proprietor  of  every 
co])yright  book  or  other  article  shall 
deliver  at  the  office  of  the  Librarian  of 
Congress,  or  deposit  in  the  mail,  ad- 
dresse«l  to  the  Lil)rarian  of  (^jnpress, 
at  Washington.  I).  (\  a  copy  of  every 
subserjuent  edition  wherein  any  sub- 
stantial ciiaiitres  shall  be  made:  Pro- 
vide<l.  however.  That  the  alterations, 
revisions,  and  additions  made  to  books 
}f,v   foroif:n     ^nithors,    h(»retofore    pub- 


lished, of  which  new  editions  shall  ap- 
pear subsequently  to  the  taking  ef- 
fect of  this  act.  shall  be  held  and 
deemed  capable  of  l)eing  copyrighted 
as  above  provided  for  in  this  act,  un- 
less they  form  a  part  of  the  series  in 
coui-se  of  publication  at  the  time  thii 
act  shall  take  effect. 

Sec.  4060.  For  every  failure  on  the 
part  of  the  proprietor  of  any  copy- 
right to  deliver,  or  deposit  in  the  mail, 
either  of  the  published  copies,  or  de- 
scription, or  photograph,  required  by 
sections  4950  and  4959,  the  proprietor 
of  the  copyright  shall  be  liable  to  a 
penalty  of  $25.00.  to  be  recovered  by 
the  Librarian  of  Congress,  in  the  name 
of  the  United  States,  in  an  action 
in  the  nature  of  an  action  of  debt, 
in  any  district  court  of  the  United 
States  within  the  jurisdiction  of 
which  the  delinquent  may  reside  or  be 
found. 

The  following  act  in  relation  to  the 
deposit  of  copies  was  approved  March 
:i.  ISaS  :  "That  any  author,  inventor, 
designer,  or  proprietor  of  any  book,  or 
other  article  entitled  to  copyright,  who 
has  heretofore  failed  to  deliver  in  the 
office  of  the  Librarian  of  Congress,  or 
in  the  mail  addressed  to  the  librarian 
of  Congi'ess,  two  complete  copies  of 
such  book,  or  description  or  photo- 
graph of  such  article,  within  the  tim** 
limited  by  title  (50,  chapter  X  of  the 
Revised  Statutes,  relating  to  copy- 
rights, and  the  acts  in  amendment 
thereof,  and  has  complied  with  all  oth- 
er provisions  thereof,  who  has,  l>efore 
the  first  day  of  March,  1893,  delivered 
at  the  office  of  the  Librarian  of  Con- 
gress, or  deposited  in  the  mail  ad- 
dressed to  the  Librarian  of  Congress 
two  complete  printed  copies  of  such 
book,  or  description  or  photograph  of 
such  article,  shall  be  entitled  to  all 
the  rights  and  privileges  of  said  title 
sixty,  chapter  three,  of  the  Revised 
Statutes  and  the  acts  in  amendment 
thereof. 

Sec.  49(>1.  The  po.stmaster  to  whom 
such  copyright  l)ook,  title,  or  other  ar- 
ticle is  delivered,  shall,  if  requested, 
give  a  receipt  therefor;  and  when  so 
delivered  he  shall  mail  it  to  its  des- 
tination. 

Sec.  41M;2.  No  person  shall  main- 
tain an  action  for  the  infringement  of 
his  copyright  unless  he  shall  give  no- 
tice thereof  by  inserting  in  the  several 
copies  of  every  edition  published,  on 
the  title-i)aire.  or  the  i)age  immediately 
fnllowing.  if  it  l>e  a  lK)ok ;  or  if  a  map, 
chart,  musical  composition,  print,  cut 
euKriiviug,  photograph,  painting,  draw- 
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romo,  statue,  statuan*,  or 
r  design  intended  to  l>e  per- 
id  completed  as  a  work  of  tlie 
B,  by  inscribing  ui>on  some 
ortion  thereof,  or  of  the  sub- 
>n  which  the  same  shall  be 
.  the  following  words,  viz. : 
]  according  to  act  of  Congress, 

►ar ,  by  A.  B.,  in  the  offi<'e 

ibrarian  of  Congress,  at  Wasli- 
or.  at  bis  option,  the  word 
cht,"  together  with  the  year 
^' right  was  entered,  and  the 
:  the  party  l)y  whom  it  was 
ut.    thus:     "Copyright,   18 — . 


»♦ 


manufacturers  of  designs  for 
decorative  articles,  tiles, 
or  articles  of  pottery  or  metal 
:o  copyright  may  put  the  copy- 
irk  prescribed  by  Section  41Mi2 
evised  Statutes,  and  acts  addi- 
lereto,  upon  the  back  or  bot- 
tuch  articles,  or  in  such  othor 
K>n  them  as  it  has  heretofore 
lal  for  manufacturers  of  such 
to  employ  for  the  placing  of 
turers,  merchants,  and  trade- 
liereon. 

IXJS.  Every  person  who  shall 
•  impresK  such  notice,  or  words 
ame  purport,  in  or  ui>on  any 
ip.  chart,  dramati<r  or  musical 
ion,  print,  cut,  engraving  or 
iph,  or  other  article,  whether 
icie  l)e  subject  to  copyright  or 
e,  for  which  he  has  not  ob- 
copyright,  or  shall  knowingly 
sell  any  article  l>earing  a  no- 
a  I'nited  States  copyright 
has  not  l)een  copyrighted 
country :  or  shall  import 
ok,  photograph,  chronio,  or 
)h  or  other  article  liearing 
>tice  of  copyright  or  words 
same  purport,  which  is 
r'righted  in  this  country,  shall 
i  to  a  i>enalty  of  $UK),  re<'ov- 
)ne-half  for  the  person  who 
!  for  such  penalty,  and  one-half 
ise  of  the  Tnitefl  States:  and 
>rtation  into  the  United  States 
book,  chromo,  lithojrraph,  or 
iph,  or  other  article  bearing 
tice  of  copyright,  when  there 
isting  copyright  tliereon  in  the 
States,  is  prohibited:  and  the 
ourts  of  the  United  States  sit- 
•quity  are  here!)y  authorized  to 
be  Issuing,  pubiisliing.  or  sell- 
ny  article  marke<l  or  imported 
ion  of  the  United  States  copy- 
wrs,  at  the  suit  of  any  person 
ling  of  such  violation  :  Tro 
hat  this  act  shall  not  api)ly  to 


any    importation    of   or  sale   of   such 

foods    or    articles    brought    into    the 
'nited    States    prior    to    the    passage 
hereof. 

Sec.  49i»4.  Every  person  who,  after 
the  recording  of  the  title  of  any  book 
and  the  depositing  of  two  copies  of 
such  book  as  provided  by  this  act, 
shall,  contrary  to  the  provisions  of 
this  act,  within  the  term  limited,  and 
without  the  consent  of  the  proprietor 
of  the  copyright  first  obtained  in  writ- 
ing, signed  in  presence  of  two  or  more 
witnesses,  print,  publish,  dramatize, 
translate,  or  import,  or,  knowing  the 
same  to  l)e  so  printed.  pubiishe<l,  dram- 
atized, translated,  or  imi>orted,  shall 
sell  or  expose  to  sale  any  (*opy  of  such 
book,  shall  forfeit  every  copy  thereof 
to  such  proprietor,  and  shall  also  for- 
feit and  pay  such  damages  as  may  be 
recovereil  in  a  civil  action  by  such 
proprietor  in  any  court  of  competent 
jurisdiction. 

Sec.  41X>r>.  If  any  person,  after  the 
rei'ording  of  the  title  of  any  map, 
chart,  dramatic  or  musical  comi>osi- 
tion.  print,  cut,  engraving,  or  photo- 
graph, or  chromo,  or  of  the  descrip- 
tion of  any  painting,  drawing,  statue, 
statuary,  or  mo<lel  or  design  intended 
to  be  i)erfected  and  exe<*uted  as  a 
work  of  the  fine  arts,  as  provided  by 
this  a<*t,  shall,  within  the  term  limited, 
contrary  to  the  provisions  of  this  act, 
and  without  the  consent  of  the  proprie- 
tor of  the  copyright  first  obtained  in 
writing,  signed  in  presen<'e  of  two  or 
more  witnesses,  engrave,  etch,  work, 
<'oi)y,  print,  i)ut)lish.  dramatize,  trans- 
late, or  import,  either  in  whole  or  in 
part,  or  by  varying  the  main  design, 
with  intent  to  evade  the  law,  or  know- 
ing the  same  to  be  so  printed,  pub- 
lished, dramatized,  translated,  or  im- 
I>orted.  shall  sell  or  expose  to  sale  any 
ropy  of  such  map.  or  other  article,  as 
aforesaid,  he  shall  forfeit  to  the  pro- 
prietor all  the  i)lates  on  which  the 
same  shall  l)e  eoi)ied,  and  every  sheet 
thereof,  either  <'opied  or  j)rinted.  and 
shall  further  forfeit  .$1.(H>  for  every 
sheet  of  the  same  found  in  his  posses- 
sion, either  i)rinting,  printed.  <'opied, 
published.  imp<>rted.  or  exiwsed  for 
sale:  and  in  case  of  a  painting,  statue, 
or  statuary,  he  shall  forfeit  $10.00  for 
every  copy  of  th<»  same  in  his  posses- 
sion, or  by  him  sold  or  expos^ed  for 
sale  :  Provided,  however.  That  in  case 
of  any  su<h  infringement  of  the  copy- 
right of  a  photograph  made  from  any 
object  not  a  work  of  fine  arts,  the  sum 
to  be  recovered  in  any  action  brought 
under   the   \n^^\*^^^^^v\'A   v^l   XVx'*,  >^v'v\\c^\5l' 
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shall  be  not  less  than  $100,  nor  more 
than  $5,000,  and :  Provided,  further. 
That  in  case  of  any  such  infringement 
of  the  copyright  of  a  painting,  draw- 
ing, statue,  engraving,  etching,  print, 
or  model  or  design  for  a  work  of  the 
fine  arts,  or  of  a  photograph  of  a  work 
of  the  fine  arts,  the  sum  to  be  recov- 
ered in  any  action  brought  through  the 
provisions  of  this  section  shall  be  not 
less  than  $250.  and  not  more  than 
$10.(KX).  One-half  of  all  the  foregoing 
penalties  shall  go  to  the  proprietoi*s  of 
the  copyright  and  the  other  half  to  the 
use  of  the  United  States. 

Sec.  4(K»(i.  Any  person  publicly  per- 
forming or  representing  any  dramatic 
or  musical  composition  for  which  a 
copyright  has  been  obtained,  without 
the  consent  of  the  proprietor  of  said 
dramatic  or  musical  composition,  or 
his  heirs  or  assigns,  shall  he  liable  for 
damages  therefor,  such  damages  in  all 
cases  to  be  assessed  at  such  sum,  not 
less  than  $100  for  the  first,  and  $50 
for  every  subse(|uent  performance,  as 
to  the  court  shall  appear  to  be  just. 
If  the  unlawful  performance  and  rep- 
resentation be  wilful  and  for  profit 
such  i)erson  or  persons  shall  be  guilty 
of  a  misdemeanor,  and  upon  conviction 
be  imprisoned  for  a  period  not  exceed- 
ing one  year.  Any  injunction  that 
may  be  granted  upon  hearing  after 
notice  to  the  defendant  by  any  circuit 
court  in  the  United  Stales,  or  by  a 
^udge  thereof,  restraining  and  enjoin- 
ing the  performaiH'e  or  represen tuition 
of  any  such  dramatic  or  musical  com- 
position may  be  served  on  the  parties 
apain^t  wiioni  -^uch  injunction  may  be 
grantid  anywliore  in  the  United 
States,  and  shall  be  operative  and  may 
be  eurorcecl  by  pro<"eo(linKS  to  punish 
for  <  onienipt  or  otherwise  i)y  any  other 
circuit  court  or  judire  in  the  United 
States;  hut  ilie  defendants  in  said  ac- 
tion, or  any  or  either  of  them,  may 
make  a  nioiion  in  any  other  cin-uir  in 
whij  h  he  or  they  may  be  engajjed  in 
perform'nff  or  rei)res«Milinj;  said  drama- 
tic or  musical  composition  to  (lis--olv;» 
or  set  aside  the  said  injunction  uiion 
such  reasonable  notice  to  the  plaintifT 
as  the  <ircuit  court  or  the  ju<lj?e  be- 
fore whom  said  motion  shall  be  made 
shall  d(M>in  pi-op«>r;  s(»rv"r*e  of  said  mo- 
tion to  be  made  on  the  i)laintiff  in 
piM'son  or  on  his  attorneys  in  the  ac- 
tion. The  <ii*«-uiT  coJirts  or  judpcs 
thereof  shall  have  jurisdiction  to  en- 
force said  injunction  an<l  to  hear  and 
determine  a  mot  "on  to  dissolve  tlie 
same,  as  herein  pr<ivi«led.  as  fully  as  if 
the  action  were  pen<lin?r  lu*  broujjht   in 


the  circuit   iu   which   said   motion  is 
made. 

The  clerk  of  the  court,  or  judge 
granting  the  injunction,  shall,  when 
required  so  to  do  by  the  court  heariDg 
the  application  to  dissolve  or  enforce 
said  injunction,  transmit  without  de- 
lay to  said  court  a  certified  copy  of  all 
the  papei*s  on  which  the  said  injunc- 
tion was  granted  that  are  on  file  in 
his  office. 

Sec.  4907.  Every  person  who  shall 
print  or  publish  any  manuscript  what- 
ever, without  the  consent  of  the  au- 
thor or  proprietor  first  obtained  shall 
be  liable  to  the  author  or  proprietor 
for  all  damages  occasioned  by  such 
injury. 

Sec.  4$)68.  No  action  shall  be  main- 
tained in  any  case  of  forfeiture  or 
penalty  under  the  copyright  laws,  un- 
less the  same  is  commenced  within  two 
years  after  the  cause  of  action  has 
arisen. 

Sec.  49G9.  In  all  actions  arising 
under  the  laws  respecting  copyrights 
the  defendant  may  plead  the  general 
issue,  and  give  the  special  matter  in 
evidence. 

Sec.  4970.  The  circuit  courts,  and 
district  courts  having  the  jurisdiction 
of  circuit  courts,  shall  have  power, 
upon  bill  in  equity,  filed  by  any  party 
aggrieved],  to  grant  injunctions  to  pre- 
vent the  violation  of  any  right  sec'ured 
by  the  laws  respecting  copyrights,  ai*- 
cording  to  the  course  and  principles  of 
courts  of  equity,  on  such  terms  as  the 
court  may  deem  reasonable. 

Sec.  4971. 

[Revised  Statutes,  title  la.  The 
.TrniciAuv.  provides  as  follows:  Chap. 
7  (sec.  t>29).  The  circuit  courts  shall 
have  original  jurisdiction  as  follows: 
♦  ♦  ♦  Ninth.  Of  all  suits  at  law 
or  in  equity  arising  under  the  patent 
or  copyright  laws  of  the  United  States. 
A  writ  of  error  may  be  allowed  to  re- 
view any  final  judgment  at  law,  and 
an  appeal  shall  be  allowed  from  any 
final  decree  in  equity  hereinafter  men- 
tioned, without  regard  to  the  sum  or 
value  in  dispute:  First.  Any  final 
ju(l;?ment  at  law  or  final  de<^ree  in 
equity  of  any  circuit  court,  or  of  any 
district  court  acting  as  a  circuit 
court,  or  of  the  supreme  court  of  the 
|)istri<t  of  Columbia,  or  of  any  Ter- 
ritory, in  any  case  touching  patent 
riirhrs  or  copyrights.  (Rev.  Stat„ 
1S7S,  p.  IHO.)  Chap.  12  (sec.  711). 
The  jurisdiction  vested  in  the  courts 
of  the  United  States  in  the  cases  and 
proci»e<linps  hereafter  mentioned,  shall 
be  exclusive  of  the  courts  of  the  sev- 
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States:     ♦     ♦     ♦     Fifth.     Of  all 

arising  under  the  patent-right  or 
isht  laws  of  the  United  States. 
.  Stat,  1878,  pp.  134,  135.) 
.  18  (sec.  972).  In  all  recoveries 
.'  the  copyright  laws*  either  for 
ges,  forfeiture,  or  penalties,  full 

shall  be  allowed  thereon.  (Rev. 
,  1878,  p.  183.)] 
e  act  approved  March  3,  1891 
:  Congress,  1st  session,  chap.  5($5: 
tatutes  at  Large,  pp.  1106-1110), 
Idition  to  the  amendments,  noted 
N  of  sections  4952.  4954.  4956, 
4959     4963.    4964,    4965,    and 

provides  further  as  follows: 
hat  for  the  purpose  of  this  act 
volume  of  a  book  in  two  or  more 
aes,  when  such  volumes  are  pub- 
1    separately,    and    the   first   one 

not  have  been  issued  before  this 
ihall  take  effect,  and  each  num- 
)f  a  periodical  shall  be  considered 
idependent  publication,  subject  to 
form  of  copyrighting  as  above.*' 
.  11.) 

"hat  this  act  shall  go  into  effect  on 
Srst  day  of  July,   1891."     (Sec. 

hat  this  act  shall  only  apply  to 
izen  or  subject  of  a  foreign  state 
ition  when  such  foreign  state  or 
n  permits  to  citizens  of  the 
id  States  of  America  the  benefit 
pyright  on  substantially  the  same 


basis  as  its  own  citizens;  or  when 
such  foreign  state  or  nation  is  a  party 
to  an  international  agreement  which 
provides  for  reciprocity  in  the  grant- 
ing of  copyright,  by  the  terms  of  which 
agreement  the  United  States  of  Amer- 
ica may  at  its  pleasure  become  a  party 
to  such  agreement.  The  existence  of 
either  of  the  conditions  aforesaid  shall 
be  determined  by  the  President  of  the 
United  States,  by  proclamation  made 
from  time  to  time  as  the  purposes  of 
this  act  may  require."      (Sec.  13.) 

[An  Act  providing  for  the  public 
printing  and  binding  and  the  distribu- 
tion of  public  documents  (January  12. 
1895,  53d  Congress,  3d  session,  chap. 
23,  sec.  52:  28  Statutes  at  Large,  p. 
G08).  provides  as  follows:  The  Pub- 
lic Printer  shall  sell,  under  such  regu- 
lations as  the  Joint  Committee  on 
Printing  may  prescribe,  to  any  person 
or  persons  who  may  apply,  additional 
or  duplicate  stereotype  or  electrotype 
plates  from  which  any  Government 
publication  is  printed,  at  a  price  not  to 
exceed  the  cost  of  composition,  the 
metal  and  making  to  the  Government 
and  10  per  centum  added :  Provided, 
That  the  full  amount  of  the  price  shall 
be  paid  when  the  order  is  filed :  And 
provided,  further.  That  no  publication 
reprinted  from  such  stereotype  or  elec- 
trotype plates  and  no  other  Govern- 
ment publication  shall  be  copyrighted.] 


I 


'^-  ---     * 


CHAPTER    X. 


HAIfUFACTUBES,  EXPORTS  Aia>  IHPOBTS. 


LOCALIZATION  OF  8PEX3IFIBD  INDUSTRIES,  BY  STATES:   1900. 


P«r  Cent 
lit  Conti- 

I'nited 

IheSUta 
Named. 


I  cuRf.  . 


51S,7C 


PlatsI  ai 

l«Ihw'»iovel."£id'mK«rar.'!'*'.  '.'.'.'.l  itjU'.iM     New  YoS. '.','.' '. '.  I     loisJiiMi 

noclu   '  7.lS7.9i-     "           -■     ■            I       ■- 

Coke !  »,88i,*4 

ilafiMiuid  TBulte i  %9T!M 

Whip*. S.7«,17 

Uqwin.  Tinoiu I  B.947.31 

Bramiwsre. 17,140.07 

Iran  and  ateel Sn3.fl6S.27 

CsrpeU  Kid  run.  otbn  tban  tb«.  ....  48,ISJ.33 

Comet* 14.ST8.11 

Bonis  and  nhoa.  futory  product.  .  ..;  -JII.OSS.SX 

^Aiuhterinx  uid  meat  pacldnfl,  whole- 

nafe ^  (a!<,lMM 

Turpentina  and  nwin 20.3U.!ia 

Collnn.  KinniDB. l4.74tl,ZT 

Licguon.  dutillad flfl.TM.44 

Ha!<iery  and  iciiit  RoodB/.'.'. '    ''...''  flMH2!.Vl 

8ilk  and  xilk  soodi Iir?.^.^,:^ 

Silverware 10.589.1! 

Salt T.flflfl.KS 

Cotton  «ood» 33q,200,SJ 

Jewelry. 4B,S01.18 

leather,  tanned,  curried. and  finLihed.  204.03)1,12 

Fur  halo ■  27.811,18 

Pottery,    tortm    eotla.    and    fire-clay 

product- 44,2(13.W 

Paper  and  wood  pulp 1I7.326.1<] 


19.712     Fenni-ylvsiii 


Fennylvi 

New  Yotl 


Sh^ieiSi;.!.::. 

New  York 

New 

!^ 
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MANUFACTURING   IN   THE   UNITED    STATES- 


Cla88. 


Total j  640,056 

Hand  trades |  215.814 

Governmental  establuhmentfl  .....  133 
Educational,    eleemosjmary,    and  > 

penal  institutions I  881 

E8tablu4hment8  with  a  product  of  ■ 

lens  than  $500 '  127,346 

All  other  establishments i  296.377 


Number  ' 
of  Est&b-i 
Ibh- 
ments. 


Wage-eamera. 


Capital. 


Proprie- 
tors and 

Firm 
Members 


$9,858,205,501 
392.442.255 


•f- 


Averagel^^^   Wa«B» 


Number. 


708,623 
242.154 


5.370.814 
559.130 


44.371.111 
9.421.392.135 


133.054 
330.415 


64.671 
4.747.013 


$2,323,055,694 
288.118,421 


2.117,466 
2,032,819,747 


Statistics  for  governmental  establishments,  educational,  eleemosynitry.  and  penal  insti- 


MANUFACTURING  IN  THE  UNITED  STATES 

[Twelfth  Census. 

Date  of  Census  I 


Items. 


Number  of  establishments 

Canital ' 

Salaried  officials,  clerks,  etc.,  number  .  .  .  ] 

Salaries , 

WaRe-earners,  average  number \ 

Total  wages l 

Men,  at  least  IG  years  of  age ! 

Wages I 

Women,  at  least  16  years  of  age ^ 

Wages 

Children,  under  10  years'. 

Wages 

Miscellaneous  expenses 

Cost  of  materials  useil 

Value  of  nrodurts,  incl.  custom  work,  etc. 


1900.1 

1890. 

1 

188a       ' 

512.276 

355.405 

253.852 

$9,831,486,500 

$6,525,050,759 

$2,790,272,606 

397,092 

2  461,001 

(>)            1 

$404,112,794 

'  $391,984,660 

(») 

5.314,539 

4.251.535 

2.732,595 

$2,327,295,545 

$1,891,209,696 

$947,953,795 

4,114,348 

3,326,964 

2.019.035 

$2,019,954,204 

$1,659,215,858 

(*) 

1,031,608 

803.686 

531,639 

$281,679,649 

$215,367,970 

(») 

168.583 

120.885 

181,921 

$25,661,692 

$16,625,862 

(») 

$1,027,865,277 

$631,219,783 

(*) 

$7,346,358,979 

$5,162,013,878 

$3,396,823,549 

$13.01 0.030.5 14 

$9,372,378,843 

S5.3<^.579.191 

)  Includes,  for  com[)arative  purposes.  85  governmental  establishments  in  the  District  of 
Columbia  having  nruducts  valued  at  $9,8S7,3.S5.  the  statistics  for  such  establishments  for  1890 
not  being  separable, 

2  Includes  pro[)rietors  and  firm  members,  with  their  salaries;  number  only  reported  in 
1900,  but  not  included  in  this  table. 

3  Not  reported  separately. 

*  Decroase. 

*  Not  reported. 

NoTK. — Exact  comparisons  between  the  censuses  shown  in  this  table  are  difficult  and 
sometimes  impossible  on  account  of  changes  which  have  taken  place  from  coisus  to  census  in 
the  form  ot  inquiries  contained  in  the  schedules,  in  the  indu.stries  canvassed,  and  in  the  methods 
of  compilation.  Comparisons  between  the  censuses  of  1S90  and  1900  are  more  exact  than  has 
ever  before  been  the  ca.se;  but  even  betw^n  these  two  censuses  there  are  certain  important 
differences  in  the  forms  of  inquiry,  or  the  methods  of  handling  the  statistics  in  compilation, 
to  which  careful  attention  shouhl  be  r)aid. 

1.  Capital. — It  cannot  be  a.'^sumed  that  anv  true  comparability  exists  between  the  sta- 
tistics on  this  subject  elicited  prior  to  1890.  .Xt  the  census  of  1H.S0  the  question  read:  "Caoital 
(real  and  personal)  invested  in  the  busine.'^s."  At  the  census  of  1890  live  capital,  i.e..  cash  on 
hand,  bills  receivable,  unsettled  ledger  accounts,  raw  materials,  stock  in  procem  of  manufac- 
ture, finished  orodurts  on  hnnd.  and  other  sundries,  was  for  the  first  time  included  as  a  separate 
and  distinct  item  »>f  caoital.  and  the  car-ital  invested  in  realty  was  divided  betwetAi  land. 
building'4.  and  machinery.  The  form  of  this  inquiry  at  the  census  of  1890  and  1900  was  so 
similar  that  cornfmrison  may  be  safely  m.-nle. 

2.  Salaried  (Officials.  -  No  conir»arison  rf  the  statistics  of  the  number  and  salaries  or 
salaried  officials  of  any  character  can  be  marie  between  the  reports  of  any  censuses.  Not  until 
the  census  of  ISOO  did  the  census  l>egin  to  fliffcrentiatc  sharply  between  salaried  officials,  i.e.. 
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JMMARY  FOR  ALL  ESTABLISHMENTS: 

1900. 

Cost  of  Materials  Used. 

l9celIaneotts 
Expenses. 

Total. 

Purchased  in 
Raw  State. 

$2,391,668,276 

8.851.162 
60.576 

1.037,343 

1.431.529 
2.380.287.666 

Purchased  in   |         ,;,„  . 
Partially  Man-       vi^ttht 
ufactured      ,      *^™i;"*' 
Form.         1          •*<'• 

1 

Value  of  Prod- 
ucts, Including 
Custom  Work 
and  Repairing. 

,030.110.125 
124,623.253 

$7,363,132,083 

482.736.991 
6.917,518 

3.690.910 

$4,648,561,271 

462.510,619 
6.607.447 

2.365,089 

7,437.420 
4.169.G40.G96 

$322,902,536 

11.375.210 
249.495 

288,484 

26,825 
310.962,522 

$13,058,562,917 

1,183.615.478 
22.010.391 

6,640.692 

2.524.681 
902.962.191 

8.895,774 
6.860,890.884 

29,762,675 
11316,533.681 

tion9,  and  establishments  with  a  product  of  less  than  $500,  are  included  in  Table  only. 


-COMPARATIVE  SUMMARY:    1850  TO  1900. 
>ls.  VII. and  VIII. 


' 

[>ate  of  Census 

'•                          1 

1870. 

1860. 
140,433 

1850. 

252.148 

123.025 

M  18.208.709 

$1,009,855,715 

$533,245,351 

(») 

(») 

(«) 

(») 

(») 

(») 

2.053.996 

1,311,246 

957.059 

$775,584,343 

$378,878,966 

$236,755,461 

1,615.598 

1,040,349 

731,137 

(») 

(») 

(3) 

323.770              270.897 

225,922 

(») 

(«) 

(3) 

114.628 

(3) 

(3) 

(') 

^'> 

(*) 

(») 

(») 

!.4S8,427.242  $1,031,605,092 

$555,123,822  , 

1.232,325,442 

$1,885,861,676 

$1,019,106,610' 

Per  Cent  of  Increase. 


1800 

to 

1900. 


44.1 
50.7 
^  13.9 
3.1 
25.0 
23.1 
23.7 
21.7 
28.4 
30.8 
39.5 
54.3 
62.8 
42.3 
3S.8 


1      1880 
to 
1890. 

40.0 
133.8 



1870 

to 

1880. 

1800 

to 

1870. 

79.6 
109.8 

1850 

to 

1860. 

0.7 
31.7 

14.1 
89.4 



55.6 
99.5 
64.8 

33.0 
22.2 
25.0 

56.6 

104.7 

55.3 

37.0 
60.0 
42.3 

51.2 


64.2 

19.5 

19.9 

*33.6 

58. 7 


52.0 
74.5 


36.5 
26.9 


141.2 
124.4 


85.8 
85.1 


iployees  engaged  at  a  fixed  compenHation  per  annum,  and  the  wage-earning  class,  i.e.,  em- 
ovees  paid  by  the  hour,  the  day,  the  week,  or  the  piece,  for  work  perfonned  and  only  fof 
en  work.  Prior  to  1890  such  salaried  officials,  if  returned  at  all,  were  returned  with  the 
ige-eamers  proper.  At  the  censu.s  of  1890  the  number  and  t«alarie8  of  prot)rietor8  and  firm 
embers  actively  engaged  in  the  bu.nines.s.  or  in  supervihion,  were  reported,  combined  with 
jrks  and  other  officuus.  Where  proprietors  and  firm  members  were  reporte<l  without  sala- 
ss.  the  amount  that  would  ordinarily  be  paid  for  .similar  services  was  estimated.  At  the 
nsus  of  1900  the  number  of  proprietors  and  firm  members  actively  engaged  in  industry  or 
supervision  was  ascertained,  but  no  .salaries  were  report e<l  for  this  class,  salaries,  as  a  matter 
fact,  being  rarely  paid  in  such  cases,  i)roprietors  and  firm  members  depending  upon  the 
xnings  of  the  business  for  their  compensation. 

3.  Employees  and  Wages. — At  the  censuses  of  ir>50  and  ISOO  the  inquiries  regarding  em- 
oyecs  and  wages  called  for  "the  aveniRc  number  of  hands  employed:  mule,  female,"  "the 
'erage  monthlv  cost  of  male  labor."  un<l  "the  average  monthly  cost  of  female  labor."  At 
e  census  of  1870  the  average  number  of  han<is  employed  was  called  for.  divideti  between 
males  above  16  years,  females  above  15  years,  and  children  and  youth."  and  the  "total 
nount  paid  in  wages  during  the  year"  was  first  called  for.  The  inquiries  at  the  census  of 
80  were  like  those  of  1370,  though  more  extended  for  some  of  the  selected  industries. 

At  the  census  of  1890  the  average  number  of  persons  employed  during  the  entire  year  was 
iled  for,  and  also  the  average  number  employed  at  stated  weekly  rates  of  pay.  and  the 
rerage  number  was  comr)Ute<l  for  the  actual  time  the  establishments  were  retwrted  as  bemg 
operation.  At  the  census  of  1000  the  greatest  and  least  numbers  of  employees  were  reportecl 
»d  al<o  the  average  number  employed  during  each  month  of  the  year.  The  average  number 
'  wage-earners  (men,  women,  and  children)  emploved  during  the  entire  year  was  computed 
,  the  Census  Office  by  using  12,  the  number  of  calendar  months,  as  a  divisor  into  the  total 
'  the  average  numbers  reported  fox  each  month.     This  d\ffereu<i«!  m  VVve  uv^XVv^  q\.  ^s^i^tNjttXTw- 
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ing  the  average  number  of  wage-earners  during  the  entire  year  reeulted  in  a  variation  in  the 
average  number  as  between  the  two  oensuaeti. 

Furthermore,  the  schedulea  for  1890  included  in  the  wage-earning  ebiss  "overseers,  and 
foremen  or  superintendents  (not  general  superintendents  or  managers)/'  while  the  census  of 
1900  separates  from  the  wage-earning  class  such  salaried  emplojrees  as  general  superintendents, 
clerks,  and  salesmen.  'It  is  probable  that  this  change  in  the  form  of  the  question  has  resuited 
in  eliminating  from  the  wage-earners,  as  reix>rted  by  the  present  census,  many  high-salaried 
employees  included  in  1890. 

4.  Miscellaneous  Expenses. — This  item  was  not  shown  at  any  census  prior  to  that  of  1890. 
Comparison  between  the  totals  rei>orted  can  safely  be  made  between  the  last  two  censuses. 

5.  Materials. — The  same  statement  is  true  regarding  the  materials  used  in  manufactures. 
With  the  exception  of  the  schedules  on  which  a  few  selected  industries  were  reported  at  the 
census  of  1880,  the  question  concerning  materials  was  as  follows:  "Value  of  materials  used 
(including  mill  supplies  and  fuel)."  At  the  census  of  1890  the  schedule  contained  separate 
questions  as  to  the  kind,  quantity,'  and  cost  of  the  principal  materials,  and  the  cost  of  "mill 
supplies,"  "fuel,"  and  "aU  other  materials."  The  amounts  paid  for  rent  of  power  and  heat 
were  adso  included  under  this  head  in  1890.  It  is  probable  that  some  of  the  items  included 
the  cost  of  materials  at  the  census  of  1880 were  included  in  "miscellaneous  expenses"  at  the 
inquiries  of  1890  and  1900. 

6.  Products. — These  statistics  are  comparable  beginning  with  the  census  of  1870. 


COMPARATIVE    SUMMARY.    BY    SPECIFIED    INDUSTRIES:     1900. 
[Twelfth  Censua,  Vol.  VII.  page  3,  and  Vol.  VIII.  page  18.] 


Industry. 


Total 

Agricultural  im- 
plements  

Ammunition 

Artificial  feathers 
and  flowers 

Artificial  limbs.  .  . 

Artists'  materials.. 

Awnings,  tents, 
and  sails 

Axle  grease 

Babbitt  metal  and 
solder 

BagH,  other  than 
paper  

Bags,  paper 

Baking  and  yeast 
powders 

Banket fl,  Sc  rattan 
and  willow  ware. 

Bells 

Belting  an<l  hose, 
leather 

Belting  and  hose, 
linen 

Belting  and  hose, 
rubber 

Bicycle  ond  tricy- 
cle repairinR. .  .  . 

BicyclcM  and  tri- 
cvclcf* 

Billiard  tables  and 
nitttprials 

BlackinK 

Hlack-m  i  t  li  i  n  k 
a  n  <1  wheel 
wriKhtinK.  . 

Billing 

Bone,  ivorv,  and 
Jamp  ft  Jack 


Ntim- 
ber  of 
Estab- 
lish- 
ments. 


dlapital. 


Wage-earners. 


Average 
Num- 
ber 


512,19190,813,834,390 


715 
33 

227 

87 
21 

858 
29 

51 

78 
63 

191 

550 
23 

105 

7 

1 

18 

6,328 

312 

75 
121 


51.771 
15 


5.306,143 


157,707,951 
6.719,081 

3,63^,869 
290,104 
376,736 

4,342,728 
577,195 

3,115.568 

7,696.732 
6,900.291 

8,337,723  ; 

2,989,568  l 
1,038,305  ' 

7.410,219  ' 

526,059 

5,493,SS5  ; 

6,7l»0.070 

29.7S3.r.59 

SS4.001  ! 
2,71S.504 


54.97J1.341 
41').11«» 

7S2.247 


46.582 
5,231 

5,333 
249 
200 

4,400 
127 

535 

4,039 
2,029 

1,938 

4,396 
663 

1,667 

254 

1,771 

5,749 

17.525 

455 
1.250 


2J0 
K5 


Total  Wages. 


Cost  of 

Materials 

Used. 


$2,320,938,168  |$7.343.627.875 


22,450,880 
2,560.954 

1.561,763 

146,620 

79.267 

2,038,613 
55.238 

294,584 

1.133,128 
683,783 

717,000 

1,280.511 
307,991 

913,937 

64,102 

918,191 

2.505,974 

8,189,817 

278.218 
424,174 


17.«74.2r,4 
7*».3vO 


43,944,628 
7,436,748 

2,765,151 
126,062 
249.107 

6,480,685 
360.411 

7.998.309 

16.849,311 
4.659.001 

7,126,967 

1.398.374 
602,856 

7,500,413 

452,430 

4.075.702 

5,224.886 

16,792,051 

730,046 
2,186.809 


24.701.632 
244,970 


Value  of  Prod- 
ucts, Including 
Custom  Work 
and  Repair- 
ing. 


$13,000,149,159 

101.207.428 
13.027.635 

6.297.805 
749,854 
497,046 

11.728,843 
718.114 

9,191.409 

20.123.486 
7.359.975 

14.568,380 

3.851,244 
1,247.730 

10.623.177 

717,137 

6,169,044 

13.766.033 

31.915,908 

1.650.868 
4.504.965 


85.971.630 
575.804 

850.787 
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CX>MPARATIVE    SUMMARY,    BY    SPECIFIED     INDUSTRIES:     1900— Continued, 


Industry. 


Num- 
ber of 
EAtab- 

lish- 
men  in. 


Capital. 


Bookbindinfc  and 
blank-book 
making 

Boot  and  shoe  cut 
stock 

Boot  and  «hoe 
findings 

Boot  and  shoe 
uppers 

Boot«  and  shoes, 
custom  work 
and  repairing.  . . 

Boots  and  shoes, 
factory  product 

Boots  ana  shoes, 
rubber 

Bottling 

Boxes,  cigar 

Boxes,  fancy  and 
paper 

Boxes,  wooden 
packing. 

Brass 

Brass  and  copper, 
rolled 

Brass  castingn  and 
brass  finishing.  . 

Brassware 

Bread  and  other 
bakery  products 

Brick  ana  tile.  .  . . 

Bridges 

Bronse  castings. . . 

Brooms  and 
brushes 

Butter,  rework'g  .. 

Buttons 

Calcium  lights. . . . 

Cardboard 

Card  cutting  and 
designing 

Carpentering 

Carpets  and  rugs, 
other  than  rag.  . 

Carpets,  rag 

Carpets,  wood.  .  .  . 

Carriage  and 
wagon  materials 

Carriages  and 
sleds,  children's. 

Carriages  |tnd 
wagons 

Cars  and  general 
shop  construc'n 
and  repairs  by 
steam  railroad 
companies 

Cars,  railroad  and 
street,  and  re- 
pairs, not  in- 
cluding estab- 
lishments oper- 
ated bv  steam 
railroaa  com- 
panies   

Celluloid  and  cel- 
luloid goods  ( 1890) 

Charcoal 


954 
342 
186 
132 

23,560 

1.600 

22 

2,064 

315 

729 

896 
10 

19 

442 
204 

14,917 

5,423 

196 

21 

1,526 

10 

238 

19 

5 

43 

21,315 

133 

1.014 

31 

588 

77 

7,632 


1,295 


193 

12 
J83; 


Wage-earners. 


$12,744,628 

7,003.080 

3,277.958 

273.796 

9,262,134 

101,795,233 

33.667.533 

16.620.152 

3.288,272 

14,979,305 

21,952,757 
503.367 

15,629.766 

21.925.039 
12.194,715 

81.049.553 

82.086,438 

16,768.948 

881,769 

9,616.780 

255,525 

4,212.568 

95,114 

1.168.495 

337.642 
71.327.047 

44,449,299 
975.190 
412.357 

19,085,775 

2.906.472 

118,187,838 


119,473.042 


Average 
Num- 
ber 


Total  Wages. 


106,721488 

3,158,4X7 
HI  1,225 


15.971 

6,155 

2,993 

256 

9.698 

142,922 

14.391 
7.680 
4,609 

27,653 

22,034 
162 

6,759 

11.964 
7.668 

60.271 

61.979 

12.181 

621 

10.349 

148 

8.685 

55 

626 

325 
123.985 

28,411 

1.504 

608 

15.387 

2,726 

62,540 


173,595 


$6,671,666 

2.230.691 

1,127,784 

125,627 

4,128.361 

59.175.883 

6,426.579 
3.589.447 
1.439.599 

8.151,625 

7.827,955 
98.796 

3.512,781 

6.070.7G2 
3.550.074 

27,893,170 

21.883.333 

6,711,260 

372,797 

3,788,046 
67.747 

2,826,238 

24.418 

264.427 

135.130 
71.049,737 

11,121,383 
492.656 
362.112 

5,987.267 

1.090.296 

29,814,911 


96,006,570 


Cost  of 

Materials 

Used. 


lvalue  of  Prod- 
I'ucts,  Including 
I  Custom  Work 
and  Repair- 
I  ing. 


i 


$7,702,543 

17,800,282 

4.627.048 

401,680 

8,288,664 

169.604.054 

22,682,543 

28.087.823 

3.061.193 

11.765.424 

22.807,627 
1,152.635 

30.000,632 

18,871.141 
9.830.319 

95.221,915  ' 
11.006.148 
16.258.561 
1.339,722 

9.546.854 

1,345.418 

2.803.246 

34.982 

705.527 

312.760 
142,419,410 

27.228.719 
681.311 
418,343 

13.048.608 

1,996,070 

56,676.073  . 


109,472,353 


44.0t')3 

939 
1,7S6 


23,342.763 
447.120 


70,046,354 


$20,790,858 

23.242,892 

7,145,820 

700,225 

26,550,678 

261,028,580 

41,089,819 

41,640,672 

5.856,915 

27,316,317 

38,216,384 
1,419,817 

37,536,325 

30.343.044 
17.140,075 

175,657,348 

51,270.476 

30.151,624 

2,229,329 

18,490,847 

2,114.935 

7,695.910 

118,666 

1.270.416 

618.488 
316.101.758 

48.192.351 
1.993.756 
1,056,702 

25.027,173 

4.289,695 

121,537,276 


218,113.658 


\^ 


107.186.359 
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loia—ContiKut. 


Num- 
ber of 

Capital 

Maiemli 

\'a]ue  o(  Pr..)- 
ucu.  Includinf 
Cuilom  Work 

Indiutiy. 

■a'.t',;. 

^iF* 

Total  Wagei 

U«d. 

and  Roinir- 

ChufM,       butler. 

milk 

9.ISW 

tse.KM.ois 

1I.SAS 

•fl.170.flJ0 

)ID9.Ut.305 

■t3l.l9tJ77 

dwmiesli  -  . 

«l 

H9.0B  1.430 

lB.I»t 

34,364.137 

01.8711.710 

372.017 

'l48;004 

mm 

coa  producU.     . 

M 

S,B90.73a 

1.314 

S2S.a7S 

8,878.682 

9.a*t.i« 

iS< 

H3,a28 

m 

209.438 

Sa5.I43 

9.191,1111 

oSc™;.   ;  :: 

S,79I.U3 

2,ft50,7a3 

3,01S.MW 

7.IS7J« 

°2S-.at.-. 

46 

2|S.S»4 

534 

208.191 

17.490 

soo.ou 

!( 

65a,S4S 

S7S 

17fl.flS7 

1.109,1M 

ZS.OM 

](I1,M3 

79.434.932 

4I5.1S«,H1 

Clntbing.  wom'ti'i. 

Coffee  »n(i  npii*,' 
rnfttting  and 

i4,m 

13.815,321 

43.3U 

l4.tSl.4H 

10,303. 7U 

4S.tH,03< 

a.TOi 

tH,43I.M4 

8i.7n 

12.UO,I01 

84,704,592 

159.31t,5ia 

«8 

u.m.«ii 

(1,387 

2.48fl.7fflt 

5S.1 12.203 

69,527,108 

rterla'ken'  govit 

v:, 

J3-5S5'il^ 

0.B10 

3,077.481 

8,945.3)8 

I3.952,iai 

Vokc 

M.SOa.HTS 

1S.9W 

7.oas,7M 

lll,«ilS.SW 

ColluB  and  euffii. 

cSK'.'""':;, 

a 

IV.M*, 

82 

3J.m 

22S.077 

3t 

1.3W 

872.4S7 

9SI.514 

1, 97011 19 

Codfeclionery 

»m36 

33.383 

81.290,5<3 

ilue 

2iiliM!H73 

22.938 

sIiooImj 

23;»9;3i2 

40.578:401 

ijSnRnint   .    . 

47 

S-SSf'SS 

11,324 

8,329,021 

122.I74.13B 

185,131,070 

CorduE  A  synipt 

2«  .274.170 

28.OS2.O0S 

tT.B49.0S1 

« 

jwsSs 

■llfl;9l7 

I.50S.0M 

2.107:iH 

Corfc.eultiiii. 

B2 

2.310 

n87.79fl 

2.403.829 

4.3H.3M 

OoneU... 

21B 

7!4Bl|l>4B 

12.-29 

3,791,S09 

0.555.407 

CoiiDii.  cimuf  - 
inn 

111 

8,a23.US 

2  742 

3s,28a 

353.B10 

2,029,599 

(;uii«ii.«ioiiinK., 

11.  MB 

,J».2M.130 

I4:i33 

1,  30.039 

3,912.303 

14,748,170 

l.Oi.'! 

487,240.157 

302.801 

KB.  S9.7S2 

17B.5S1.527 

2.STO.'5B 

30.827 

4.950.490 

s!8^!ai4 

(.■nioLWe-, 

1,S43.H1« 

50.054 

1.873.290 

1.007  joe 

301 

10.5J2.353 

S.673,1119 

1 4,881. 47> 

Deitt'iiT.'Xtrh'aii 

iA\  ,  IHM.    .  .    . 

i.2H 

1.475.255 

7,8M.»9 

Dent  lit*'  maleri'li 

1.'017 

I.IW.231 

i:711.l50 

"SSfffJ: 

:,'*£:.■  ""r 

zso 

lfi.320.120 

5.7M 

2.041.081 

11,023.417 

13,191.781 

Dniagriodrng..  . 

2< 

i,337.Bll 

(144 

291.N23 

3.31S.23B 

DyoJi.itiin'lcVfi»B- 
trmct». . .  .... 

1.1)10 

4,fl73,211 

S,424 

2,271. WIK 

1,434.292 

"     7,ifl7.»> 

!«« 

IKI.fl43,l(M 

12,72li,3l6 

17.958.137 

41.963,1)1 

;j 

7,'.3fl,031 

1.(147 

7S7,942 

4,745.913 

7.»i0.74S 

ElwlrtMl  Kppnni- 

IiubdI  ■Ut>Dll«. 
El-etrleafVit.- 

580 

83,130,1113 

40.890 

20,1  M.  344 

48.918.440 

,  91.34S3K9 

Ktn.Mi.m    .,mJ 

'■'S.^ 

S.41'i,0S; 

o"t1 

3  3i;i2H 

7.O7S.S07 

I5.907,4» 

KKIroni.iinB.: 

830.720 

1.007.(53 

enmniflfil  nmnlf. 

51(1 

3(13,0'.)1 

M>J.7S3 

1.331.675 

I2S 

B.lM.lTd 

:.t'-h 

a,i:«,«ft 

i.M*.«\ 

9.978J0g 
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dusiry. 


'ere       ma- 

■ 

in^     and 

nking 

inc.  steel, 
dine   plate 

ing 

'ins.  wood. 

pes 

ives 

M-ticles,  not 
here  speo- 

ods 

W^Om  •    •    •    •    • 

OS 

sztinguish- 
bemical.  . . 

rks    

Mining  and 

rving 

nd  bannere 
ing  extracti- 

ressed 

Iff  and  grist 
>roducts   . 
reparations 
ry  and  ma- 
)  shop  prod- 

ry  supplies. 

and   vefsp- 

B.   canning 

>re»erving.  . 

:>ds 

fling  goods, 

« 

lire,  includ- 
ftbinetmak- 
enairing.  A 
Istering . .  . 

Iressed 

lising 

d  lamp  fix- 

il  oil  stoves 
lummating 
leating  ..  . . 
ichines  and 
re. 

cutting, 

ing^.  and  or- 

snting   . . . . 

and  mit- 

e 

ftnd  silver, 
md  foiL  .  .  . 
and  silver, 
nng  and  re- 
K.  not  from 

>re 

h  i  t  e  and 
hite    lefin- 


Num- 
her  of 
EsUb- 

lish- 
ments. 


12 
414 


286 

145 

51 

97 


392 
36 

402 
86 
82 

17 
46 

812 

36 

352 

4 

26.258 
644 


9,324 
30 


1,806 
994 

470 


7.972 
92 
28 

223 
35 

877 

114 
355 


417 

394 

8 
61 

93 


57 
11 


Wage-camera. 


Average 
Num-   Total  Wages, 
ber. 


$104,741 
790.461 


5.061.520 

231.817 

5,612.509 

19.465.846 


5,081.806 
7,125.276 
60.685,753 
3,857.047 
6,916.231 

136.933 
1.086.133 

16,310,987 

666.033 

3.319.716 

71.496 

218.714.104 
20,998.102 


665.038.245 
981.817 


27.743.067 
13.373.867 


117.982.091 

798,030 

1.775,770 

10.009,239 
3,766.065 

567,000,500 

4.605,624 
61.423.903 


4,013.534 

9,089.809 

41,011,345 

6.144,407 


1.086,854    1.1G3 


1.944,124 


411.128 


79 
1.034 


3.299 

337 

2.984 

4.502 


5.718 
2.088 
11,581  I 
3.160 
4,482 

64 
1,638 

11.318 

509 

1.254 

211 

37.073 

8.154 


350,327 

278 


36.401 

8,588 


20,163,222  1   30,216 


100.018 
835 
535 

7,642 
2,471 

22.459 

2,167 
52,818 


4,931 

14.345 

3.288 
1,618 


219 
137 


$46,064 
572.874 


2,006.824  ; 

206.537 
1,150.463 
2.383.756 


1,921,578 
1,024.835 
4,185.289 
1.277.199 
2.542.366 

32.828 
506,990 

2.986,996 

148,933 

478.975 

46.000 

17.703,418 
3.051,718 


182,232.009 
135,877 


8.050,793 
4,273.192 


42,638.810 
478.190 
229.406 

3.504.301 
1.138,442 

12.436.296 

1.185,959 
27.084,710 


2,403.591 

4,182,518 

1.755,179 

685,096 

498,692 


Cost  of 

Materials 

Used. 


$143,270 
225,637 


1,206.462 

63,272 

3.665.275 

10.334,974 


4.061.400  I 
3.801.028  I 
28.958.473  | 
1,166.414 
1.305.421 

70.874 
627.761 

11.644.118 

547,165 

3,294.3S0 

91,032 

475,826.345 
23,675,165 


286,357,107 
628,160 


37.524,297 
15.113.365 


Value  of  Prod- 
ucts, Including 
:  Custom  Work 
and  Repair- 
ing. 


9.680.077  ,       23.404,969 


141.400 


64,376  I 


65,499.877 

519.699 

1.677,584 

5,013,597 
2.501,568 

20,605,356 

1,943,769 
16.731,009 


3.540,097 

9.483.130 

15.773.233 

3,767,023 

1.604.013 


10.932.361 


216,500  V 


$289,389 
1,683,600 


5,068,558 

616,166 

6,299,330 

17,125,418 


9,046,342 
6,461,691 
44,657,885 
3.403.906 
5,444,650 

217,833 
1,785,271 

18,432,613 

1,038,052 

6,314,552 

158,650 

560,719.063 
38,457,651 


644,990,999 
1,128,856 


56.668.313 
27.735.264 

43.902,162 


153,168,309 
1,400,455 
2,470,708 

12,577.806 
4,579,700 

75,716.693 

4,392.730 
56.539.712 


8,776,0011 

16.926.156 

21.693,656 

5.389.006 

2.666.224 


11.811.537 


r-rv»^„ 
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Industry. 


Num- 
ber of 
Estab- 

lish- 
mentH. 


Waee-eamers. 


Grease  and  tallow. 

GrindHtones 

Hairwork 

Hammocks 

Hand  knit  goods.  . 

Hand  stamps 

Hardware 

Hardware,  sad- 
dlery  

Hat  and  cap  ma- 
terials   

Hats  and  caps,  not 
including  wool 
hats 

Hones  and  whet- 
stones   

Hooks  and  eyes.  . . 

Horseshoes,  fac- 
tory product.  .  . 

Hosier>'  and  knit 
giKxls 

House  furnishing 
gooils,  not  else- 
where specified  . 

Ice,  manufact'd  .. 

Ink 

Instruments,  pro- 
fessional and 
scientific 

Iron  and  steel.  .  .  . 

Irrm  and  steel, 
bolts,  nut  H , 
wa.shers,  a  n  d 
rivets 

Iron  and  steel, 
dcMirs  and  shut- 
ters  

Iron     and     .•^teel, 

forKinjC"* 

Iron     and     steel, 
nails  and  spikes, 
cut  and  wrouKht. 
inchidinK     wire 
nails 

Iron  and  steel, 
pi|»e,  wrouRht.  . 

Ironwork,  arrhi- 
tei'tural  and  or- 
n.iiiiental 

Ivory  and  bone 
Work    

.TapanninK 

Jewelry 

Jewelry  and  in- 
strument ea-ses. . 

Jute  and  jute 
good.>< 

Kaolin  an«l  other 
earth griruliiij?.  . 

Kindlint;  wood.  .  . 

Labels  and  taw*^.  . . 

Lamps  and  ro- 
fleetor." 

I.4ipi«lary  work.   .  . 

Ijird.  refined 

Ka-ts 

Li-ad.  bar.  pm"'» 
and  ^-heet 


289 
25 

397 
13 
86 

268 

381 

80. 
70 


816 

18 
9 

6 

921 


210 
775 
104 


2r>5 
t>()8 


13 
91 

I 

102 
19 


70 

90SJ 

03 

IS 

14:) 

So 
47 

l.V, 
(>0 
r> 

tM 

341 


Caintal. 


Average 
Num- 
ber. 


Total  Wages. 


Cost  of 


.Value  of  Prod- 
juctH,  Including 


$7,080,692 

903,348 

1,009,908 

308,254 

205,488 

1,203,910 

39,311.745 

3.335,274 

1.744,419 


2.046  i 

1,167  : 

1.101 

339 

304 

1.052 

26.463 

2,940 

1,371 


25,095,798        31.425 


216.83G 
1.382,394 

344,151 

81,8t)0,604 


10,038,248 

38,019.507 

3,821,514 


4,491,027 
573,39  l,0(i3 


72         10,799.092 


201,958 
9,077,193 

10,751,359 
18.343.977 


189 
300 

107 

83.3S7 


5,212 
6,880 

787 


2,786 
222,490 


7,0(>0  ; 

117 

4,688 


4,477 
5,536 


072         33,002,409         20.040 


939,714 

117,»139 

2S,  120.939 

547,7.')3 

7,027.293 

12,212.341 

1,77.'). 272 

MS.  115 

<»,,37'>,474 
3,0s7.390 
1.3.r).7.V) 
1.4>4.9»;«. 

3.94').  ;i30 


1.334  I 

UK)  I 

20,070  ■ 

819 

4..)W) 

2.0^*4 

1.525 

754 

4,725 
49S 
499 

1.131 

(ML') 


$1,069,683 
407.153 
375,156 
101,626 
75.870 
490.036 

11.422,758 

1.217,202  i 
434.148  : 

14.144.552 

I 

72.879 
127,518  ; 

90,527 

24,358,027 


1.837,552 
3,402,745  I 
412,140 


Materials 
Used. 

Custom  Work 
and  Repair- 

mg. 

$8.761357 
263.811 
673.004 
242.950 
124.009 
522.659 

14.605,244 

$11.969321 

1.088.909 

1.952.792 

480.114 

352.226 

1.9S7.628 

35346.656 

1,690,168 

4.149.489 

2,797.756 

3.849.116 

24.421.052 

49.205.667 

64.278 
255.427 

196.323 
499.513 

172.237 

3S7.619 

51,071,859 

95.482.566 

9,198.803  , 

3.312,393 

2,109,142 


1,433,715  1,385,292 

120,820,276        522,398,932 


2,991,857 

85,683 
2,559.433 


2,042,250 
2,495,898 


11.111,226 

529.051 

75.453 

10,740,375 

322.506 

1.  IS  1,790 

S20.07S 
.5(»0,035 
2S9.273 

2.07I5.9S0 
49S.715 
237.930 
019.054 

.321..59S 


8,071,071 

115.718 
5.213,550 


8,561,571 
15.523.858 

31,140.636 

930.224 

55.305 

22,356,067 

435,717 

3.015.362 

1.651.335 
735.844 
387.517 

3,497,236 

4.655,766 

7.496.845 

526.670 

6.279.497 


14.280.575 

13.780,978 

4.372.707 


4.896.631 
803.968.273 


13.978.3!$2 

319.629 
10.439.742 


14.777^ 
21.292.043 

53.508,179 

1,873.357 

215.506 

46.501.181 

1.156,977 

5,383.797 

3,722.151 
1.784.6S0 
1.104.6S3 

8.341.374 
5.786.281 
8.630.901 
1.879.742 

7.477324 
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Num- 
ber of 
lEstab- 

menU. 


Wase-eamers. 


Capital. 


Iting 

» •  •  •  ■  I 

1  ...: 

4  ..   ..j 

ncd, : 
Ifio- 

lent. 

iied! 

us..  . 
tiing 
nif.  . 
Kun- 


and 
»es.  . 
tim- 

:«...' 
ning  I 

>ash.  I 


linds 


ind 

•    •    •  • 

tone 
•rick 

'h 

lace 
torn 

.    .  •  > 

«oda 

pat- 

isto. 
ru- 
ma-  ' 
pec-  '• 

ru-  i 
an».  ' 

tni-  1 
inosi  i 
Ih.  ..  I 
ins.  . 

TO*      •   ■ 

leed 


bere 


39 

3 

313 


1.306; 

1.000, 
18! 

967 
1.509: 

359' 

I 

I 
263; 

2.103 

1.629 

33.010 


4,204 

146 


36 
6.070 

8,333 

22 
9 

797 

591 

16.151 
3 

2.816! 
103 

532 

117 


229 


129 


261 
43 

'?; 

3 

3m 

70 

71 
48 

193 


Average 
Num- 
ber. 


Total  WageH. 


Cost  of 

Materials 

Used. 


Value  of  Prod- 
ucts. Including 
Custom  Work 
and  Repair- 
ing. 


$72,148,933 
49.500  ' 
5.467,294  : 


173,977,421 

48.833.730 

5.688,999 

32.551.604 

415.284,468 

9.K38.015 

22,676,142 

2.250,300 

7,747.382 

611,429,574 


119,271,631 
39,288,102 


811.995 

67,509,533 

48,070.239 

3.893,000 

994.155 

8,298,772 

10,764,813 

27.740,386 
49,238 

20,518.708 
3.184,426 

2,250,484 
1,205.420 


3,890,101 


5,011,987 


3^.790,494 

3.235,158 

1,  UK).  782 

410,199 

53«.221 

34.4.')1.4r,l 
012.(i.')7 
Hii9,773 

i:.,4«iO,r)12 

9,441,0S4 


8,319  I 

71 ; 

6,253  > 


52,109 

19,107  ' 

3.283  I 

3,722 

39.532  ' 

1,163 


12,994 

1,553 

7.712 

283.179 


73,627 
1,990 


449 

54,370 

93.508 
2.047 
1,197 

7.959 

10.871 

33.298 
37 

8,985  : 
2.555 

2,608  , 
480  : 


2.4a-> 

3.435 


17.S09 

2.3o3 

748 

171 

49 

11.007 
199 

7.H 
1,32.S 

1,353! 


$5,088,684  I    $144,195,163 
24.350  ;  49.451 


2,256.280 


22.591,091 
7,749,815 
1.036,839 
1,733.218 

25,826.211 
446.055 

6.882.168 

769,351 


I 


I 


3,370,072  I 

I 

104,563,603  i 


32.685,210 
1.182.513 


291,050 

28,603,241 

53.152.258 
012,715 
237.282 

3,213,268 

5,817,855  • 

9,570,536 
20,957  I 

4.109,113 
1.231,689 

1,565,728 
205,082 


1.232,039 
1,720.727 


9,81S,990 

939..S40 

222.140 

51,343 

29,0<>8 

3.143.459 

09.100 

42,2a5 

093.311 

67^.7^0 


6,162,148 

155,000.004 
11,041.577 

2.550,517 
15.147,784 
51.674,928 

3,689,330 

7  886,045 

929,700 

6,887,331 

317,832.865 


I 


99,927,707 
14,816,741 


487,965 

30.443,297 

87,280,964 

3,420.740 

510,137 

10.444.009 

15.654.295 

36,455.043 
30,995 

8,801,467 
4,995,671 

825.111 
1,657,342 


l,2a5,.337 
2,220,  Hi5 


15,147.520 
972.570 
805.908 
2S3.862 
293,408 

45.H>5,823  , 
590,112  . 
971.W7 

24.31»5.775 


$175,466,304 

108,734 

11,717,401 


204.038.127 

28,689,135 

4.308.159 

96.798,443 

237,269,718 

6,547,310 

22.240,679 

3.703.127 

15,570,293 

566.621,756 


168.343,003 
19,373,600 


1.153.540 

85.101,591 

203.593,634 
6,005,937 
1,165.380 

18.463.704 

29.469,406 

70.363.752 
75,922 

23.874.429 
8,004,301 

8,836,518 

2,629,299 


3,394,734 


5.691,504 


35,324,090 

2.738.439 

1.476,022 

440,237 

395,400 

58.726.032 

850.093 

1.221.S41 

27.184.331 


i-kjta 


■X.-lilt-'.r 
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SPECIFIED     INDUSTRIES:     1900— CtrnHnwd. 

Num- 

'        Wage-earners. 

Value  of  Prod- 

ber of 

Cost  of 

ucts.  Including 
Cufftom  Work 

Industry. 

EeUb- 

Capital. 

Average 
Num- 
ber. 

Materials 

lish- 
ments. 

Total  Wages. 

Used. 

and  Repair- 
ing. 

( >il,  resin 

8 

$284,110 

90 

$53,596 

$535,320 

$7SS.6S0 

Oilcloth,  enamel'd 

9 

1.702,904 

512 

300,878 

2.696,412 

3,595.515 

Oilcloth,  floor.  . . . 

18 

7.176,198 

2,718 

1.327.235 

4.g53,260 

7.807,10$ 

Oleomargarine.  .  . 

24 

3,023,646 

1,084 

684.444 

7,639.501 

12.499.812 

Optical  goodn.  .     . 

350 

5,567.809 

4.341 

1.935.219 

3.288,430 

7.790,970 

Ordnance  and  ord- 

nance stores  .... 

4 

3.468.713 

989 

015.280 

802,706 

2.239.797 

Oysters,    canning 

and  preserving .. 

39 

1.240.696 

2.779 

630.016 

2.608.757 

8.670,134 

Painting  and  pa- 

per hanging.  .  .  . 

16,939 

27.217.086 

59,191 

34.822,819 

26.804,784 

88.896.852 

Paints 

Paper  and   wood 
pulp 

419 

42,501.782 

8.151 

3.929.787 

88.799,380 

50.874,995 

763 

167.507,713 

49,646 

20.746,426 

70.580.236 

127.326,162 

Paper  goods,  not 
elsewhere  spec- 

ified  

190 

11,370.585 

6.117 

2.242.702 

9.819,820 

16.785.269 

Paper  hangings.  .. 

51 

8,889,794 

4,172 

2,074,138 

6.072.809 

10.663409 

Paper  patterns.  . . 

16 

256,075 

836 

262,559 

124.854 

563,653 

Patent  medicines 

and  compounds. 

2,026 

37.209.793 

11,809 

4,407,988 

18.185.518 

59,611,335 

Paving  and  pav- 
ing materials.  .  . 

1.729 

37,888,412 

34.090 

14,570,408 

20,152,477 

46,447.719 

Pencils,  lead 

7 

2,227,406 

2,162 

683,281 

1.030,917 

2.222.27G 

Pens,  fountain  and 

stylographic.  . .  . 

23 

590,629 

318 

141,012 

351,932 

906.454 

Pens,  gold 

22 

496.246 

378 

229.679 

312.537 

799.078 

Pens,  steel 

3 

357,460 

473 

138,433 

52.460 

294,340 

Perfumery       and 

• 

cosmetics 

266 

3,499,168 

1,768 

569,286 

8.180.853 

7.035.713 

Petroleum  refining 
Phonographs  and 
grapnophones  .. 

67 

95,327,892 

12,199 

6,717.087 

102.859.341 

128.929,3S4 

11 

3,348,282 

1.267 

608,490 

827.529 

2.246.274 

Photographic  ap- 

paratus  

48 

1,849,724 

1.961 

779,890 

595.925 

2.026,063 

Photographic  ma- 

terials   

105 

3,668,026 

1,483 

662,958 

2.782.285 

5.773.325 

Photography 

7,553 

13,193,589 

8.911 

4,013,018 

6.841.853 

28.238.719 

Photolit  hograph  - 

ing  and   photo- 

engraviriK 

Pickles,  preserves. 

204 

1,999,921 

2,698 

1.756,578 

728.748 

4.226.106 

and  sauces 

474 

10,650,854 

6.812 

2,161,962 

12.422,432 

21.507,044 

Pipes,  tobacco.  . .  . 

98 

1.111.144 

1,585 

737,647 

1.106.299 

2.471. 90S 

Plated  and  britan- 

nia  ware 

66 

16,480,471 

6.392 

3,088,224 

5.875.312 

12.606.770 

Plumbers'    s  u  p  - 

plies 

174 

13,598.528 

8,024 

3,930.594 

7.289.867 

14.ni,185 

Phimbing.and  gas 

B  ^^  p  ^^  *^  ^  »  ^  ^  '  ^m  ^ 

andstcum  fitti'g 

11, 870 

47,111,204 

53,916 

31,873,866 

65.334,689 

131.852.567 

Pocket  books 

68 

991.876 

1,053 

588,595 

1.278.226 

2.495,188 

Pottery,  terracot- 

ta, aiid  fire-clay 

products 

1,000 

05,951,885 

43,714 

17,691,737 

11,915,230 

44.263.3S6 

Printing  and  \ni\y- 

lishing 

22,312 

292,517,072 

102.992 

84,249.954 

86.856.200 

847.055  050 

Printing  materials 
Pulp,    from    fiber 

70 

905,603 

500 

232.799 

406.357 

1.0i»,432 

other  than  wood 

3 

479,158 

121 

28,402 

42.204 

103.204 

Pulp  g(K)ds 

22 

2,316,985 

691 

283,835 

646.689 

1.267.013 

Puinp>,     not     in- 

cluding     steam 

pumps 

130 

1.200.710 

632 

247,193 

687.768 

1.841713 

Refrigerators     .    . 

05 

4,782,110 

3.329 

1.287,488 

2.476.518 

5,817.881^ 

Regalia    utifl    so- 

c  i  e  t  y  banners 

am]  emblems.  .  . 

120 

l,7y5.s.W 

l.oSO 

470.. 580 

1.606.415 

8.077.945 

HejerJftern,  car  fare  ' 

5 

1 04.408 

hi 

\          i^raii 

^             \1.4M 

80.865 
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COMPARATIVE     8UMMAnY      UY    HFKflFIKD     INDIJSTIIIKS:     \m~CaniiKU«l. 


upecified I 


1I,S7I,5«7 

2.103 

i.mm 

3,024,056  1 
7,333,02K 
8,««,4ZJ 

fi.«M.W0 

1.4»*,S07 

3.032 

«8.471 

2.12«.44S 

iSM.ta» 

•\ss 

t:?I? 

4.982.gS7 

I0.2I9,.WI1 

22.aft4.8S0 

3,4SS.710 

M2.S2S 

418 

20«,!3I 

140.711 

873.784 

2.38ft.2IS 

2.408 

1.458.977 

7WI.903 

3.772.02S 

M.OTO 

S4 

14.381 

]2.«33 

IS.SBS 

20.1*1,719 

i.m 

1. 092,207 

4.803,71)0  1 

7.32B.8S7 

fl.a5o;<M7 

'S, 

11 

222.M3.741  1 

1.291.^0  ; 
I77.0S«1  ; 

240.BMI.WS 

SI 
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COMPAHATIVE    SILMMARV.    BV    BPECIFIKD      KDU8TK1ES:    IWO-CoiUiiuml. 


Num- 

V^«->f[«.* 

iDdiutry. 

&Ml>- 

Capilal. 

Hateriala 

"cStomW,™ 

ment- 

'be" 

Tuul  Who 

llMd. 

nodRep-r- 

^-Jl  -. 

is 

»2.l»4.827 

M3 

»a27,7-l 

«i.o7i,m 

S1.591,l» 

pcnm  1 1 1  i  n  c, 

knd     *hBet4nHi 

«,rkin.      .... 

it.m 

i5,703,S» 

4S.B;a 

22.iajm 

S0.32S.282 

I00.310.;!<l 

TDbuco.cbcwiac, 
nnokiDg.    BDd 

muff. 

aad  ci0>relt«<.  . 
TidHOCO,  ■ton- 

137 

M.18I 

7.I(B.821 

35.018.287 

I03.7i4.jej 

1t.E» 

S7.70e,4)3 

10S.4fl8 

40,fl2S.SM 

57,848.030 

I90.22J.1K 

n« 

12.S2fl.S08 

1.817.067 

U,  188.340 

19.O9S.0J! 

Took.    tHit    else- 

where -preified. 

«8 

I3.BM.()I7 

7.0IS 

3.781.763 

4,057.200 

iyxo.KB 

^.^LT^i^ 

170 

3.ZBS.11S 

l.123,SB3 

l,««8.1S9 

4,(IM.»M 

»1 

7.(rte.B4» 

2.S34.S9i 

0.045,387 

12.09I.2M 

rmin  , . 

1.MK 

I1.847.4U 

41.SM 

8.393.483 

fl,lB8,4S2 

20.344  38S 

2.2Bfl.370 

H0a:470 

883.080 

2.S41.184 

punnf 

85 

134.123 

110.003 

307.174 

Typewnteni    MuJ 

.unpliee 

*7 

S.4«),43l 

2,4O3."04 

1.402,170 

e.9S2.0W 

Cmbrellwi     and 

jni 

4.877.017 

S.fl95 

I.889.B73 

8.4S7.I87 

13355.908 

llphXtarini  m»- 

t«rl.l» 

S.098 

1.71S,073 

5.881,031 

10.048. 1M 

Vani»b 

i:548 

e9ll.B03 

10,939,131 

18:887:140 

VmU  Iwbu  Kui 

14 

120.750 

138 

81,184 

110.719 

338.111 

^^i-sl^iis:- 

14S2 

fl.ia7.72S 

1.801 

3,272.565 

■nd  alothe* 

wt^?ln<J~«l(^k 

li:< 

2.JOI.S0B 

l,U» 

MH,707 

2,174.762 

3.735,243 

m*t«iBl< 

WBtehcaw 

3,fi07 

4,393.847 

7.'83!v60 

"■wHrj''**;";' 

12.711. B73 

4,n83.08A 

4,432.108 

20.235.039 

^--' 

sIrso 

3.588,723 

1,291.318 

8.822.611 

3 

5fi,200 

7.856 

98.875 

35.000 

S13.Jf.7 

454.441 

2:i72!098 

2.  34.171 
4.354,312 

2!04S 

■Window  iimd™.:: 

!.012 

871 :  32 

flO48.06! 

8.S68.259 

WitB. 

29 

4.212.173 

l,<W3 

8,M.64S 

7.014.319 

WiteBDtV.iMluJ- 

Wu«d.^un«d  uiH 

S97 

in.!74.«?9 

9,2,M 

3.934.S2S 

10.858.2I9 

19,»42.WI! 

-' 

1.22fl,71li 

47S 

205,105 

1.825.3*5 

2,395.74.1 

^i^'fis;".i,st 

1,171 

I0.278.4l.t 

5.835,492 

14.338  J03 

in4 

J.K24.512 

3.20n 

iVmiihiii».V."!'.!! 

■11 

2^03*,.'^ 

lS9l.Mt 

W.>^  I.llllil,K 

V 

944,715 

247!S50 

511.287 

338,<I0« 

193!82e 

889:809 

^T;*'^ri.« 

ia4:3»ii:2.K 

nt.wis 

24.7.'i7,«K> 

71.01 1:958 

118,430.158 

im 

i»j.iii-,no 

.j;,oos 

120.314.344 

,11 

H.lD.'.in 

4.SliO 

2,355,B'i1 

13,280,058 

18.HW.498 

trie'...T.""."" 

1 

417,!l.'-« 

I3J 

,W,WM 

299.339 

501.449 
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INDUSTRY   GROUPS   RANKED    BY   CAPITAL,   NUMBER   OP   WAGE- 
EARNERS,  WAGES,  AND  GROSS  AND  NET  VALUE 

OF  PRODUCTS:  1900. 


[Twelfth  C«nau«,  Vol.  VII,  page  clxiv,  and  Vol.  VIII,  page  18.] 


Indujstry  Group. 


Number  I 
litoe*S&.'^"^-  i       Capital. 


Rank. 


Total 512.191 


Food  and  kindred  products. . . . 

Textilefl 

Iron  and  steel  and  their  prod- 
ucts  

I^umber  and  its  remanufact'res. 

Leather  and  its  finished  prod- 
ucts  

Paper  and  printing 

Liquors  ana  beverages 

Chemicals  and  allied  products. . 

Clay,  glass.  an<l  stone  products. 

Metals  and  metal  products, 
other  than  iron  ana  steel. . .  . 

Tobacco 

Vehicles  for  land  transportati'n 

Shipbuilding 

Miscellaneous  inda<«tries.- 

Hand  trades 


61.266 
30.048 

13.896 
47.054 

16,989 

26.747 

7,861 

5.443 

14,809 

16.305 
15.252 
10.112 
1.116 
29.479 
215.814 


2 
4 

11 
3 

7 

6 

13 

14 

10 

8 
9 
12 
15 
5 
1 


$9,813,834,390 


937,686.610 
1.366.604.058 

1.528.979.076 
945.934.565 

343,600.513 
557,610.887 
534.101.049 
498.282.219 
350,902.367 

410,646,057 
124.089,871 
390,671.441 
77,362,701 
1,348,920,721 
392.442.255 


Average 
Number 
of  Wage- 
earners. 


Rank. 


5 
2 

1 
4 

13 
6 
7 
8 

12 

9 
14 
10 
15 

3 
11 


5.306.143 

811,717 
1.029.910 

7 
1 

733,968 
546.872 

2 
4 

238.202 
297.551 
63.072 
101,489 
244.987 

10 

8 

14 

13 

9 

190,757 
142,277 
316,157 
46,781 
483,273 
559.130 


11 

12 

6 

15 

5 

3 


Value  of  Products. 


Industry  Group. 


Wage*.         Rank. 


Gross. 


i  Rank. 


Net. 


Rank. 


Total :S2.320.938.168 


$13,000,149,159 


Food  and  kindred  products. 

Textiles 

Iron  and  steel  and  their 
products 

Limiber  and  its  reman  u- 
factures 

Lather  and  its  finished 
products 

Paper  and  printing 

Liquors  and  beverages 

Chemicals  and  allied  prod- 
ucts  

Clay,  glass,  and  stone  pro<l- 
ucts 

Metab  and  metal  products, 
other  than  iron  and  steel . 

Tobacco 

Vehicles  for  land  transpor- 
tation  

Shipbuilding 

Miscellaneous  industries.  . . 

Hand  trades 


128.667,428 
341.734.399 

381,875,499 

212,124,780 

99.759.885 

140,092.453 

36,946,557 

43.850.282 

109.022.582 

96.749,051 
49.852.484 

164.559.022 

24.839.163 

202.746,162 

288,118.421 


8 
2 

1 

4 

10 

14 

13 

9 

11 
12 

6 

15 

5 

3 


2.273.880.874 
1.637,484,484 

1.793.490.908 

1,030.695,350  : 

583.731.046  ! 

<M)6.317.768 

425.504,167 

5.S2.797.S77 

293.564.235 

748.795.464 
283.076.546  ' 

508.524.510 
74.578.158  ; 
1,004,092,294  ' 


1 
3 


.5 

9 

M 
12 

10 

13 

I 

14 

11 
15 

(i 


$8,367,997,844 


1,750,811,817  1 

1,081,961.248  2 

983,821,918  3 

547.227,860  6 

329.614,996  11 

419.798,101  7 

349.157,618  10 

372,538,857  8 

245,447,118  '  14 

371.154,446  !  9 

264,052,573  j  12 

250,622,377  ,  13 

42,492,518  ;  15 

03SA9l,S^  I  & 
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BANK  OP  INDUSTRIES  WITH  PRODUCTS 

(Tnlfth  CenKiu.  Voi.  VII.  pf, 


^ughterios  >nil  meat  pukinR.  put  meludlna  retail 

Fnundry  ana  macbioe  nhop  produpti .  . . . , 

Lumber  and  timber  produeln ,  . 

Flaurinff  and  cruC  mill  pmductfl 

ClothioB.  m™*! 

PrintinB  and  publinhing 

Cotton  mBBUiaeturea  ■ 

Woolen  manulaetures 

BnotH  and  aboeiip  facinn'  prmlurt,  .............. 

fiufiaT  and  mo]Mf*fat,  renning .    . 

Can)  and  nneral  ahop  conjiruetiuo  and  repain 

Leather,  tanned,  cumed.  and  EinuihAl. 

Bilunnry.  brick  and  nlooe 

Bi«&d  and  other  bakery  produriit, | 

Lead,  nneltinp  and  rifinuia 

LiimiHT,  planing  mill  pruduclft.  including  Hub,  doom, 

and  blioda 

Capper,  nmidlini  and  refining 

Furniture.  inEludi'nK  nblnttmskiiiit,   roiairinji,   anil 


PlumbinK 


■  and  mod  pulp. . 


flllin* ll.R7ii 


enwd  milk 


CkrriaiHB  and  (ruEarui 

SUk  and  silk  xni-a-^ 

Car>,  railroa.1  and  ^Ireel.  and  r. 

tabllshiBenlii  uiierated  by  Htn 

Tobaeeo,  ehemnB.  smnkinK.  an 

Ajfriellll ilial  implnmenl,-.  .  ,,  . . 

IjSuow.  diUtiilSnT.'. . !""',"' 
HiDiiery  ami  knit  cnmln 


»h<i.buiklini .  . 
Millinery,  fii'lnn 
OolTee  and  'pipe, 
rbemiral".  . 
SuldlBry  ami  Im 
Kfent  mflirlnr: 


K73.W1.C6S 

1 

lM.7Ot.e2; 

u 

18 

Sl.0g2.Ml 

SB.XH.s&a 
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VALUED    AT    OVER    150.000,000: 

cliiii,  ud  Vol.  V11(,  page  IS.] 


sx; 

w.„^ 

ValutofProducU. 

of  Wage- 

•""'"• 

N«l. 

Rrnok. 

QrtH. 

RMk. 

222,1« 

•  120.820.279 

2 

(432.687,119 

3 

I80S.06S.27! 

I 

N,44] 

IT 

J3.B2S.253 

15 

«84. 119.221 

, 

76fl.282.S88 

2 

350,127 

182.212.00ft 

377,812,87(1 

4 

1      044,W0.9»9 

llM.SS3,e03 

307,838.530 

5 

600.021,755 

3T|0I3 

36 

Sm,7 19.063 

111043 

7B:4J4;S32 

22a!  14  0328 

415.260  381 

6 

I62.WI 

7 

84.24B.SG4 

3M,86B.0fa 

317.055.050 

7 

m.fsa.m 

5 

^.693.160 

330.200,320 

mASi 

176,011.709 

1       310,101:758 

0 

1».HW 

8 

S7'.n3.»n 

10 

218.637.382 

10 

l«.OM 

e 

6fl.  175,883 

0 

10 

u 

46 

40 

SlolflOB^SOS 

wisai 

33 

26.82612 11 

202:S82;2fl8 

237:269:713 

11 

m.s9i 

s 

96.000.570 

111,022.240 

16 

.       218.113,058 

H 

S2,I09 

180.389.057 

204,038.127 

e3,MS 

125,36e.&55 

203,598.034 

60.271 

21 

27.803,170 

80,262.303 

175.057.318 

17 

S,31B 

S2 

5.088,684 

49 

97,425.311 

18 

1       I75.4M.304 

73.fi2T 

74,205.160 

108,343.003 

1*1Z4 

4S 

42 

20 

iM.m 

1S2:300;012 

13 

j       100:223:18a 

21 

B8,73B 

1* 

»2iMe!ioi 

17 

75,315,179 

1       169,339.539 

100.018 

11 

91.151,488 

a 

153.108.300 

53^810 

11  !S7  31868 

08,035,088 

1       13I,8S2.»«7 

t3.SSS 

4B 

6.170,070 

48 

124,008,673 

1 

131.190,277 

25 

M,M6 

27 

20.740,428 

39 

77,9».480 

2. 

I       127,330.163 

20 

12.1» 

47 

0,717,087 

107.512.092 

1 

'       123.920.384 

27 

tilw 

11 

2S.S14,S1I 

07,172.479 

a 

1       121.637,270 

h5i8 

18 

»;«s3.ig4 

It 

86,483.094 

107.366.268 

29 

M.063 

23,342 .7n3 

30.326,668 

7 

107.186.359 

W 

20.161 

92,915.542 

0 

103,764,302 

w.m 

2::4so!g8o 

28 

e0,635.59» 

30 

101.207.428 

45:iTS 

22IS5  03B 

19 

61.638.038 

38 

IOO,310.'20 

,733,218 

91,461.293 

96,798.418 

sa!ss7 

64,641.099 

95,482,S«« 

35 

M.B»0 

n 

20!im!344 

33 

14,583.830 

91,348.889 

36 

sojsi 

22 

34  8^810 

14 

02.541.861 

35 

88.390.S62 

37 

K 

1  ,971.2(14 

34 

63.701.014 

34 

38 

m!370 

28,  MI,  241 

00.09T.079 

29 

33.5S3 

3T 

1  .8n7.687 

41.17B.70B 

2 

1        81,290.513 

40 

S«9 

41 

1  ,430,288 

36 

01.270.431 

33 

75.710.093 

41 

46.JKI 

is 

24,830,103 

24 

42.492.618 

12 

33.298 

18 

40 

34.529,813 

1        70,M3.762 

S.»(7 

54 

!48n!75B 

04,741,832 

32 

BB.S27.108 

lfl.OH 

44 

401407 

45 

24.12a 

40 

1  ,725,647 

39 

x'fin'.m 

2 

63:030;9(0 

46 

.407.088 

43,819.008 

69,011,335 

llioOT 

.143.4SB 

43,190.110 

,         58.726,632 

3«.40l 

35 

.050.7113 

30.608.085 

19 

S2.S18 

25 

J7.084.710 

22 

43.9M.999 

13 

66.6JO.713 

50 

1  .111,220 

37 

23.308,170 

51 

S3J08.179 

51 

B|4g7 

■    .754.707 

53,231,017 

aoHos 

43 

,0K2,73» 

53 

(J  .UTS 

20 

!J.Sfl3.333 

51:270:170 

8.m 

58 

S.B29.787 

18,515.625 

55 

50,874,995 

65 
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ESTABLISHMENTS   AND   PRODUCTS  CLASSIFIED   BY  CHARACTER  I 
OF  ORGANIZATION.  BY  GROUPS  OF  INDUSTRIES:    1900.*  | 

ITweirih  Cenxiu,  Vol.  VII.  paset  livi  and  303.] 


TotaL.. 
Food  and  kiD 


i.llmb«r  and  in  r«nanu)aiyturw.  . 
Leatlwr  and  ita  fioigliBJ  productn. 

Paper  and  nrintinc. 

IjiqncTn  and  bevtfrane - 

Chemicalfi  and  allied  prtidiict». .  . 
"        '  '  Blone  nroduct*. . 

ti  produot*.  other 


512,191 

ai.2Ge 

30,048 
13,8)8 
47,054 

it),88a 

M.747     1 
g!44S 


Metaliai 


in  and  >t«el. . 


VelurltH  For  land  tnnnporUtioB. 10,113 

ghi^building. I  1,113 

MiKellansmu  Induatrien. »,470 

Hand  trmdes 213,814 


2.273,380,874         tt.iOt 


2B8.07I>54H  I 
508.5Z4.5IG 
74,578,158    : 
1.004.092.284 
l,183,fll5,478 


205.781  ,<M 
127,iJ0,593 


Finn  and  Llmi 
PannerBhip 

Induniry  Umup. 

NUD)-I 

"'■ '  ms-'  p"^"  "■  %Y^ 

Value  of 

'ments 

mentP 

mentiL 

in.9CIS~ 

i 

iS 

'  2.079 

:i7 

12.535.242,473 

40,703 

(7,729.520,548 

2.093 

d  Ibeirprod 
nii.he.i  prcKl 

Foo-Uml  kinJre. 
Textile-.  . .  . 

leather  and  im 

394.387.813 

208,571,042 
100.830,193 

■"fl6,V8'l!72S 
38,327,320 

88.143,271 
74,456,334 

1.091 
1.470 

IS 

137.330.458 
578,172.577 

'J 

15 

2 

'  87;M7 

2J8.SS2 
357.741 

n^J.A"^SZ\^ 

td'lSr 

3.W3.W0 

ri»v^ila-.,Bnd,- 

7S2,»J 

188.153.370     1.7.W  I 


Ls  of  individual 
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.ISHMENTS  CLASSIFIED  BY  NUMBER  OF  EMPLOYEES,  NOT 
rCLUDING  PROPRIETORS  AND  FIRM  MEMBERS:   1900. 

[Twelfth  CeiMUM.  Vol.  VII,  pages  IxxUi  and  582. J 


ry  Group. 


Total 
Num- 
ber of 

Estab- 
lUh- 

ments. 


Number  of  Establishments  Reporting. 


No. 
Em- 
ploy- 


Under 
5. 


5 

t« 

20. 


21 
to 
50. 


51 

to 

100. 


512,191;  110,509    232.716  112.120  32,403: 11.658 


kindred  prod- 


61,266 
30.048! 

13.896 

47,054 


teel  and  their  > 

id  its  reman  u- 

id  its  finished 

16,989 

printing 26.747 

a  beverafi:eH.  . 
and  allied 


n,    and    stone 

1 

1  metal  prod- 
tier  than  iron 


7,861 
5.443i 
14.809 


L 


16.305 

15,252 

>r  land  trann-  j  i 

1 10,112 

1,116 
29.479 


IK 

>us  industrial. 

es 


14,611 
1,300 

783 

I 

2,069 

5,028 

2,400 

671 

643 

1,022 


2.950 
3.637 

1,183 

198 

5.191 


34.759 
11,036 


8.129 
9,722 


1,888 
3.458 


912 


3,102      4,349    2,186 


16,836    20,039 


8,163 

12.628! 

4,185 

1.607 

3,876 


8.029 
7,273 

3,772 
211 
10.403 


1.644 
7.962 
2,070 

1,689 


4,814 

857 

2,139 

569 

806 


6,121    2,186 


3,542| 
3.0041 

3.080. 

361; 


951 
672 

829 
152 


1,892 

560 
874 
228 

390 

857 


386 
309 

467 
83 


8.026    3,123    1,4771 


101 

to 

250. 


8.475 


251 

to 

500. 


2.804 


501 

to 

1000. 


I 


696 


1.828    1.620 
1.395    1.244 


1.128| 

472 
565 
103 

224 

562 


291 
233 


161 
669 

513 

218 

196 

143 

27 

64 

134 


85 
85 


416     229 

56       29 

865:    251 


215314     68.823  »  106.836  2  32.382  3  7.7731 


ides  establishments  with  1  to  5  employees, 
ides  establishments  with  0  to  20  employees, 
ides  establishments  with  over  20  employees. 


81 
295 

221 

51 

50 

30 

6 

10 

42 


51 

28 

88 
17 
93 


Over 
1000. 


1.063  I   443 


29 
120 

103 

7 


19 
0 
2 

10 

9 


20 
11 

48 

9 

50 


IRICAN   lUUIGATION. 

are  in  the  United  States  some 
00  acres  in   what   is   known 
•id  Belt.    These  are  not  avail- 
agriculture   until    they    have 
gated.     "It  is  now  estimated 
east  15.000,000  acres  will  be 
the  available  domain  of  the 
during   the    first    ten    years" 
the  enactment  of  a  new  law, 
le  authorities  in  charge  of  the 
iist  that  under  its  operations 
»  possible  to  bring  into  actual 
m  and  use  some  years  earlier 
been  anticipated  the  100.000 
liles   included   in   the  original 


f» 


ew  law  referre<l  to  ''repealled 
v'ious    enactment     i>ermitting 


single  individuals  to  take  up  land  to 
the  amount  of  100  acres  under  the 
Homestead  timber  culture  and  pre- 
emption systems,  making  480  acres  in 
all."  It  provided,  among  other  things, 
that  1(K)  acres  should  be  the  maximum. 
—London  "Times,"  October  31,  1003. 

I»OrrLATION  OF  EUUOPE. 
The  population  of  Euro|)e  has  been 
carefully  estimated  at  re<*ent  dates  by 
MM.  Levasseur  and  Bodio  with  these 
results : 

YEAR.  POPULATIOX. 

1000 401.098.000 

1880 340,700,000 

1880 331.000.000 

1S78 32.1.700.000 

1800 289.000,000 


r?*rj"«w,v, 


274 


.    SCIENTIFIC   AMERICAN   REFERENCE    BOOK. 


COST  OF  MATERIALS  USED  IN  EACH  OF  THE  FIFTEEN  GROUPS 

OF  INDUSTRIES:  1900. 

[Twelfth  Cenaus,  Vol.  VII.  page  cxxxvii.] 


Cost  of  Materials  Used. 

Per  Cent  of  Cost  of 

1     Materials  to  Groes 

Value  of  Products. 

Per  Cent 

of  Cost  of 

Material 

Purchased 

Industry  Group. 

Purchased 
in  Raw 
SUte. 

Purchased 
in  Partially 

Manufac- 
tured Form. 

Fuel, 

Freight, 

etc. 

Purchased 
in  Partial- 
ly Manu- 
factured 
Form. 

Purchased 

in  Raw 

State. 

in  Raw 
State  of 
Net  Value 
of  Prod- 
ucts. 

Total 

$2,389,138,828 

$4,632,151,315 

$322,337,732 

35,148,815 
26,372.330 

102,747,734 

13.440.897 

6.625.557 
16.241,912 

8.531.116 

21.422.432 

27.526,258, 

20.601,039 
1,449,172 

8.966,610 
1,401,132 

20,487.5181 
11,375,210 

35  6 

18.4 

28.6 

Food    and    kindred 

products 

Textiles 

1.279.450.388 
314.089,230 

74,781.646 

64,502,232 

134.809.625 
11,396,844 

37,340,408 

154.470,332 

18,971,906 

98.737.311 
86,709.511 

1.342,802 

523.069,057 
555,523.236 

809.668.990 

483.467.490 

254.116.050 
186.519,667 

76.346.549 

180.259.020 

48.117.117 

377,641.018 
19.023.973 

257,902,133 
32.aS5,640 

365,900.756 
462.510,619 

23.0 
33.9 

45.1 

46.9 

43.5 
30.8 

17.9 

32.6 

16.4 

50.4 
6.7 

50.7 
43.0 

36.4 
39.1 

56  3 
19.2 

4.2 

6.3 

23.1 
1.9 

8.8 

27.9 

6.5 

13.2 
30.6 

0.3 

73.0 
29.0 

Iron  and  steel  and 
their  products.  . .  , 

Lumber  ami  its  re- 
manufactures.  . . . 

Leather  and  its  fin- 
ished productH. . .  . 

Paper  and  printing. . 

Liquor   and    bevcr- 
aire". 

7.6 

11.8 

40.9 
2.7 

10.7 

Chemicals  and  al  ied 
pro<lucts 

^ay.  glass,  and  stone 
products 

Metals    and    metal 
pro<lucts.       other 
than      iron      and 
steel 

41.5 
7.7 

26.6 

Tobacco 

32.8 

Vehicles     for     land 
transportation.  .  . 
Shipbuilding 

0.5 

Miscellaneous        in- 
dustries  

103,685,431 
8,851,162 

10.3 
0.7 

16  2 

Hand  tra<les 

1.2 

TOrUISTS  IN  SWITZERLAND. 

The  following  figures  with  repnrd 
to  tourists  in  Switzerland  have  been 
compiled  by  Ilerr  Freuler,  of  Zurich. 

Money  paid  annually  by  visitors  to 
hotel  proprietors — between  $ir>.(XK).0()0 
and  .$2(».0()(MHK):  paid  to  railway  com- 
panies, etc..  .$.3.37r),()()() :  jfJ'oss  profit 
is  estimated  at  $12.J57r).(X)().  from 
which  .$8,(HH>  has  to  be  taken  for  de- 
preciation and  improvements.  The 
capital  outlay  is  estinmted  at  .fl20,- 
(KK).(XX). 

There  are  some  l.filXJ  hotels  and 
pensions.  et<'..  with  KM.SIM)  beds:  1M."> 
are  only  open  in  the  spmsou.  I>r>l  are 
open  all  the  year.  22.(MM)  people  find 
.ogular  emphjyment  in  these  hotels, 
and  Tt.iHM)  irregularly,  with  wages 
totaling  0  to  11  million  francs  and 
gratuities  ann^unting  to  ^  1-2  to  4 
million  fran<s. — *'  Daily  Mail  "  Year 
«ook. 


JURA  TUNNEL. 

The  Grand  Council  of  the  Canton 
of  Berne,  in  the  year  1903,  agreed  to 
grant  a  subvention  for  the  construc- 
tion of  the  projectetl  Jura  Tunnel  for 
a  line  between  Soleure  and  Munster. 
which  will  give  access  to  the  propo8e<I 
tunnel   through  the  Bernese  Alps  for 
communication  with  the  Simplon  Tun- 
nel.    An  agreement  has  also  been  ar- 
rived at  between  the  Federal  Council 
and  the  Simplon  Tunnel  Company  by 
which    the   latter   will    receive   an   in- 
creased  amount    for   the   construction 
of  the   Simplon  Tunnel,  but   will  not 
be  liberated  from  its  obligation  to  con- 
struct a  second  tunnel.     The  company 
agrees   to   transfer  the  tunnel   to  the 
Federal  (Jovernment. 
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SUMMARY    OF    EXPORTS    OF    DOMESTIC    MERCHANDISE    DURING 

THE  YEAR  ENDING  JUNE  30,  1903. 

(Bureau  of  Statistics). 


Articles. 


Agricultdral  IMPLEME^r^9: 

Mowers  and  reapers,  and  parts  of.  . 
Plows  and  cultivators,  and  parts  of. 
All  other,  and  parts  of 


Quantities. 


Total 

Aluminum,  and  manufactures  of. 


Animals: 

Cattle No. . 

Hogs No. 

Horses No. , 

Mules No. . 

Sheep No. . 

All  other,  including  fowls 


402,178 

4.031 

34,007 

4.294 

176,961 


Total. 


Values. 

Dollars. 

10.326,641 
3.160.961 
7,510.020 

21,006.622 

133.256 


29.848,936 

40,923 

3,152.159 

521.725 

1.067,860 

149,590 

34,781.193 


Art  work.**:  Paintings  and  statuary 

Asbestos,  and  manufactures  of 

Asphaitum,  and  manufactures  of 

Babbitt  metal 

Bark,  and  extract  of,  for  tanning 

^J^OoMTBLa*    •••■ 

Billiard  balls 

Bird  skins 

Blacking: 

Stove  polish 

All  other 

Bones,  hoofs,  horny,  and  horn  tips,  8lri|>8,  and  waste 

Books,  maps,  engravings,  etchings,  and  other  fxinted  matter 
Brass,  and  manufactures  of 


.  Ib.H. 


Breadstuffh: 

Barley 

Bread  and  biscuit 

Buckwheat 

Com 

Corn  meal 

Oats 

Oatmeal 

Kye 

Rye  flour 

Wheat 

Wheat  flour 

Preparations  of,  for  table  food.  .  , 
All  other,  for  animal  fee<l — 

Bran,  middlings,  and  mill  fee<I. 

Dried  grains  and  malt  sprouts. 

All  other 


Total. 

Bhickh: 

Building.  . 
Fire 

Total.  . 


Bristles 

Broom  corn. 
BnK»ms  and  bru."<ho> 

Candle.** 

Carbon 


.  bush. 
..lbs. 
.  bush. 
,  bush. . 
.  bbls. . 
.  bush. 
..lbs. 
bush. 
.  bbls. 
bush. . 
bbls. 


,  tons, 
tons. 


M. 


70,811 


II 


>>«. 


8,429,141 

11,104,575 

117,953 

74,833,237 

451,506 

4,613,809 

67,823,935 

5,422,731 

3,757 

114.181.420 

19,716.484 


49,513 
73.104 


3.725 


0.323.554 


512.558 

133,427 

104.586 

44,635 

239,786 

21,337 

4,228 

650 

198,152 

511,136 

193,817 

4.442.653 

2,000,432 


4.662.544 

589.536 

75.713 

40,540,637 

1,382,127 

1,850.728 

1,839.106 

3,143,910 

12.818 

87.795,104 

73.756.404 

2,667,409 

945.053 

1.320.065 

661.131 


221.242.285 


26.310 
403.59S 


429.90S 

515 

211,253 

283,994 

514,753 

44.494 
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SUMBfARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE~C<m<tnii«f. 


Articles. 


Quantities. 


Values. 


Carriagea,  Carb,  Other  Vehicl.e8,  and  Parts  of: 

Automobiles,  and  parts  of 

Cars,  passenger  and  freight,  and  part;*  o( — 

For  steam  railwayu 

For  other  railwayn 

Cycles,  and  parts  of 

Ail  other  carriages  and  parts  of 


Total. 


Celluloid,  and  manufactures  of 

Cement bbls. 

Chalk,  crayons,  etc 

Charcoal 

Chewing  gum 


Total. 


Cider galls. 

Clays: 

Fire 

All  other 

Clocks  and  Watched: 

Clocks,  and  parts  of 

Watches,  and  parts  of 


Total. 


Coal  and  Coke: 
Coal- 
Anthracite.   . 
Bituminous. 


tons. . 
tons. . 


Total  coal 

Coke tons. 

Coal  tar bbls. 

Cocoa,  ground  or  prepared,  and  chocolate 

Coffee: 

Raw  or  green Ibn. 

Roasted  or  prepare<i lbs. 

Coins,  United  States: 


Copper 
Nickel. 


Copper  and  Manufactures  ok: 

Ore tons. 


271,272 


Chemicals,  Drpcs,  Dyes,  and  Medicines: 

Acids 

Ashes,  pot  and  pearl lbs. .  .  1,193,258 

Baking  powder lb.**. .  .  1,178,540 

Copper,  sulphate  of Um*.  .  .         18,101,320 

Dyes  and  dyestuffs 

Ginseng lbs. .  .  151,985 

Lime,  acetate  of lbs. .  .         59,449,811 

Medicines,  patent  or  proprietary 

Roots,  herbs,  and  barks,  not  elsewhere  specified 

Washing  powders  or  mixtures,  etc lbs. .  .  6,322,357 

All  other 


598,119 


1.388,653 
5.210,322 

6,598,975 

380,038 

4,834 


29,233,837 
535,108 


12,868 


Dollars. 
1.207,065 

2,687,303 

015.273 

2.132,629 

3,556.925 

10.490,195 

249,488 
419,361 

37,238 
5,118 

27,242 


219.568 
60,376 
397.965 
736,137 
619,645 
796,008 
987.067 

3,407,606 
320.122 
352,537 

5.800.480 

13,697.601 

84.084 

4,402 
149,897 

1,091,724 
1,041,805 

2,133,529 


6,732.571 
14.473,927 

21,206,498 

1,912,459 

15,531 
213,476 

3,295,968 
89.899 

41 
2,650 


927.417 


Ingots,  bars,  plates,  and  old. 
Allother  manufactures  of.  .  . 


lbs. 


297,056.122 


Total,  not  including  ore 

Copper  residue lbs. 

Cork,  manufactures  of 


522,280 


37,354.061 
2.313.135 

39.667.196 

42.385 


"^f^it. 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— CofKinuerf. 


Articles. 


Cotton,  and  Manufactures  of: 
Unmanufactured — 

Sea  Island \  bales. 

)  lbs.  . 

Upland  and  other j  bales. 

1  lbs.  . 

Total  unmanufactured \  bales. 

Ubs.  . 

Waste lbs. 

Manufactures  of — 
Cloths- 
Colored yds. , 

Uncolored yds. , 

Total  cloths 


Quantities. 


51,688 

20.205,080 

6.886.591 

3.522,837.942 


6,938.279 
3.543.043,022 


26.098.947 


Values. 


DoUan. 


4.038,370 


[312.142. 


0S9 


[  316.180.429 


884342 


Wearing  apparel 

Waste,  cop  and  mill lbs. . 

All  other 


169.511.667 
325,867,530 


495.379.197 


22.997.428 


8,443.148 
16.909,436 


25.352.5S4 


2,600,136 
1,294.064 
2,969,520 


Total  manufactures ',       32.216,304 


Curios,  antiques,  etc. 
Dental  goods 


Earthkn,  Stone,  and  China  Ware: 

Earthen  and  stone  ware 

China  ware 


1.698 
401.761 


519.159 
63,900 


Total. 


Eggs.  .    

Egg  yolks 

Emery,  and  Manufactures  or: 


dos. 


1,517,189 


Elmery 


Manufactures  of — 

Cloth 

Paper 

Wheels 


Feat  hers 

Fkrtilizeks: 

Phosphatas,  crude tons. . 

All  other tons, . 

Fibres,  Vegetable,  and  Textile  Grasses.  Manufactures  of: 


Bag!« 

Cordage lbs. 

Twine 

All  other 


817.503 
16.677 


9.119.620 


Total. 


Fish 


Fr&*h,  other  than  salmon lbs. 

Drie<i,  smoked,  or  cured  — 

Cod.  haddock,  hake,  and  pollock lbs. 

Herring lbs. 

All  other lbs. 

Pickled- 
Mackerel bbls. 

All  other bbls. 


Salmon  — 

Canned 

All  other,  fresh  or  rure<l 

Canne<l  fish,  other  than  salmon  and  shellfi-h. 
Caviare 


^>^ 


)S. 


1,568.753 

3.043,497 

1.202.680 

467.525 

524 
19.167 

50,353.334 


583.059 

325.571 
48,108 

19.975 

9.654 

1.389 

216,345 

141.257 

6,344,224 
380.077 


387.840 

935.587 

3.331,101 

636,420 


5,290.948 


60.692 

148,557 
33.632 
23,020 

7,360 
74.346 

4.350.791 

869.352 

105.228 

39.278 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— Con/iniMM/. 


Articles. 


Quant  itiefl. 


Valuen. 


Instruments  and  Apparatus  for  Scientific  Purposea: 
Electrical  appliances,  including  teleicraph  and  telephone  in- 
struments  

All  other 


Iron  and  Steel,  and  Manufactures  of: 

Iron  ore tons. 

Pig  iron — 

Ferro-manganese tons. 

All  other tons. 

Scrap  and  old,  fit  only  for  remanufacture tons. 

Bar  Iron lbs. 

Bars  or  rods  of  steel — 

Wire  rods lbs. . 

All  other lbs. , 

Billets,  ingots,  and  blooms tons. 

Hoop,  band,  and  scroll lbs. , 

Rails  for  railways — .    

Iron tons. , 

Steel tons. 

Sheets  and  plates — 

Iron lbs. . 

Steel lbs. , 

Tin  plate.s,  terne  platen   and  taggers  tin lbs. 

Structural  iron  and  steel tons. 

Wire. lbs.. 

Builders'  hardware,  saws,  and  tools — 

I-.ock.'ii,  hinges,  and  other  builders'  hardware 

Saws , 


77.220 


18,198 

6,043 
40.583.205 

71,360.171 

30,447.664 

2.127 

3.740.234 

81 
22.896 

6.491,690 

31.680.206 

1,555,146 

32,952 

224,153,085 


Tools,  not  elsewhere  3pecifie<l 

Car  wheels No. 

Ca.sting8,  not  elsewhere  specified 

Cutlery— 


22,106 


Table 


r. 


All  other 

Firearms 

Machinery,  machines,  and  parts  of — 

Cash  register?* No. . 

Electrical  machinery 

Laundry  machinery 

Metal  workin»r  machinery 

Printing  |>rcsses,  and  parts  of 

Pumps  and  pumping  machinery 

Sewing  machines,  arul  i)arts  of.     

Shoe  machinery 

Steam  engines,  and  i>arts  of- 

Firo. No. . 

Locomotive No. . 

.Stationary No. . 

Boilers,  and  parts  of  engines 

Typewriting  machines,  and  parts  of 

A\\  other 


16,786 


10 

289 

1,459 


Nails  and  spikes  — 

Cut lbs.. 

Wire lbs. . 

All  other,  including  tacks lbs.. 

Pipes  and  fittings 

Safes No. . 

Seales  and  balance** 

Stoves,  ranges,  and  |»arts  of 

All  other  manufactures  of  inm  and  steel 


16.129,436 

62.997,105 

5,556,014 


2,933 


Total,  not  including  ore.  . 


Ivory,  manufactures  of.  an<l  scraf) 

Jewelers'  a>ho.-?  and  sweepings 

Jkwelry.  an'd  othkr  .M.\NrKA(TrRE.s  OK  CiuLo  AND  Silvkh: 

Jewelry 

All  other  manufactures  of  gold  and  .silver 

httnifKff  chandelier:*,  arul  all  other  devices  for  iUummalm^t  vvxtv^^e^ 


Dollars. 
4.206.617      : 
2.929.891      I 


266.982 


362.068 

96.107 
721.284 

1. 059.130 

802.in 

68.054 

78,745 

3,154 
710.884 

191,332 

734.151 

66.010 

1.963,797 

5,172,140 

7.461,594 
413.679 

4.189.551 
156.601 

1.916.091 

69,848 

253.662 

1.002,410 

1.475.199 
5.779.459 

512.10S 
2.826.111 
1.050.773 
2.715.553 
5.105.852 

719.797 

19.650 

3.219.778 

725.294 

2.485.226 

3.966.741 

20.387,065 

347.007 

1.245,946 

290.862 

5,431.459 

184.706 

650.250 

961.562 

9.048.993 

96.642.467 

68,816 
174.158 

939.797 

353,224 

1.133.290 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— C<miinuerf. 


Articles. 


Quantitiefl.  Values. 


EAD.    AND    MANUrACTUKES    OF: 

Piss,  bars,  and  old lbs. . 

Type lbs.. 

All  other  manufaetures  of 


BATHER,    AND    MANUFACTURES    OF: 

Sole  leather lbs. 

Upper  leather — 

Kid,  glased 

Patent  or  enameled 

Splits,  buff,  grain,  and  all  other  upper 

All  other  leather 

Manufactures  of — 

Boots  and  shoes pairs. 

Hamem  and  saddles 

All  other 


Total.  . 


ime bbls, 

!alt bui<h. 

Larbub  and  Stone,  and  MANUFAcruRBa  of: 

Unmanufactured 

Manufactures  of — 

Roofing  slate 

All  other 


Total. 


latches 

letal  polish 

ica. .^ 

ineral  specimens 

088  and  seaweeds 

ucilage 

U8ICAL  Instruments: 

Organs No. 

Pianofortes No. 

All  other,  and  parts  of 


Total. 


atural  history  specimens 

AYAi.  Stores: 

Rosin bbls. 

Tar bbls. 

Turpentine  and  pitch bbls 

Turpentine,  spirits  of , galls. 


Total. 


ickel: 

Oxide  and  matte 

Manufactures  of.    

otions,  not  elsewhere  specifie<^l. 

ursery  stock 

akum 


lb? 


308.807 
407,647 


37,428,437 


4.197.566 


39.658 
347,147 


15.986 
2.019 


2.396,498 

18.622 

15.972 

16,378.787 


2,997,400 


Total i  1.679,394.359 

[LCLOTHS: 

For  floors 

All  other 


[i<  Cake  and  Oiltcake  Meal: 

Corn-oil  cake IKm.  .  8,093,222 

Cotton-seed Ib.s. .  .  1  100.392.988 

flaxseed  or  linseed Ib.s. .  .  570,908. 149 


Dollars. 
15.527 
137.875 
299.300 


6.920,467 

1,995.200 

122.782 

13,493.499 

082.251 

6.665.017 

373,677 

1.064,496 


31.617,389 

32,694 
252.801 


194,879 

628.612 
641.753 


1,465.244 

56.330 
32.274 
4.615 
10.306 
46.499 
12.563 


1.137,713 

419.029 

1.824.767 


3.381.509 
18.119 


4.817.052 
50,802 
36.379 

8.014,322 


12.918.708 


804.221 

97.787 

186.653 

158.959 

26,740 


95.568 

12,732.497 

7.011.214 


19.839.279 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— Conf»m<«f. 


Articles. 


Oils: 

Animal — 

Fish galls. . . 

Lard galls. . . 

Whale galls. . . 

All  other galls. . . 

Total  animal 

Mineral,   crude,   including  all   natural  oils,   without   regard   to 
gravity galls. . . 

Mineral,  refined  or  manufactured — 

Naphthas,  including  all  lighter  products  of  distillation .  galls. . . 

Illuminating galls. .  . 

Lubricating,  and  heavy  paraffin galb. . . 

Residuum,  including  tar,  and  all  other,  from  which  the  light 
bodies  have  been  -distilled bbls. . . 


Quantitiea.  Values. 


1.203.393 

356,65$ 

10.092 

221,669 

1.890.812 


134.892,170 


13.139,228 

699.807,201 

93.318.257 

542.893 


DoUan. 

377.551 

306  JM 

13.174 

159.50S 


856.564 


6.329.8M 


1.225,661 
47.078.981 
12,052,927 


566.11$ 


Total  refined  or  manufactured . 


Vcwe  table — 

Com galls. . 

Cotton  f»eed galls. . 

Linseed galls. . 

Volatile  or  essential — 

Peppermint lbs. . 

All  other 

All  other  vegetable 

Total  vegetable 


3.788,035 

35,642.994 

182.330 


13.033 


Paints,  Pigmknts,  and  Colors: 

Carbon  black,  gas  black,  and  lamp  black 

Zinc,  oxide  of lbs. 

All  other 

Total 

Paper,  and  MANUFAcrrRES  or: 

Paper  hangings 

Printing  paper lbs. 

Writing  paper  and  envelope.** 

All  other 

Total 

Paraffin  an<l  paraffin  wax lbs. 

Pa.^'te 

Pencils 

Pens  and  penholders 

Perfumery  an<l  cosmetics 

Photographic  materials 

Plaster,  builders' 

Pla-ter  of  Paris 

Plated  ware 

Platinum,  and  manufactures  of,  and 


11.091.960 


97.880.037 


201.325.210 


-crap. 


PllOVISlONH,    CoMrRI8I.N«;    MkaT    AND    Daiuy    pRODrCTM: 

Meat  products — 
Heef  products  — 

Beef,  cannc«l Ib.s. . 

Beef,  fresh lbs. . 

Beef,  salted  or  i»ickled lbs. . 

Beef,  other  cured lbs, . 

Tallow lbs.. 

IIoR  products-  - 

Bacon Ib.s. . 

Hams n>>. . 

Pork,  cannctl lb>N. . 

Pork,  fre^h ll»>. . 

Pork,  salted  or  pickled \h>. . 

J^rd Vli*. . 


76.307.114 

254.795.963 

52,801.220 

1.126.032 

27,368.924 

207.336.000 

214,183.365 

13.590.897 

20.966.113 

95.287.374 

490J55,821 


60.923.6U 


1.467.491 

14.21U44 

98.116 

34.9a 
252.770 
169.796 

16.234,33 


299.5S7 

446.786 

1.604.564 

2.350.937 


256.243 
2.613.117 

901.700 
3.408.954 

7,180,014 

9.411.294 

5.611 

186.361 

66.317 
390.5QS 
758.320 

50.427 

21.459 
662.708 

15.7S6 


7.916,92<i 

25.013.S23 

3.814.fi71 

I02.m 

1.623.S52 

22.178.525 

25.7!2.t33 

1.369.6J<7 

2.035.491 

9.959.763 

50.854^ 
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DIARY  OP  EXPORTS  OF  DOMESTIC  MERCUANDISB-CmKwMii. 


Articln. 

Valuta. 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— Con/tniMd. 


Articles. 


Spirits,  etc. — Continued. 

Whisky- 
Bourbon proof  galls. . 

Rye proof  galls. . 

All  other proof  galls. . 


Total  spirits,  distilled 

Wine — 

In  bottles do«.  ats. . 

In  other  coverings galls. . 


Total  wines 

Total  spirits,  wines,  and  malt  liquors. 


Sponi 


lbs. 


iges 

Starch lbs. . 

Stereotype  and  electrotype  plates 

Straw 

Straw  and  palm  leaf,  manufactures  of 

Sugar,  Molassrs,  and  Confectionery: 

Molassen galls. . 

Sirup galls. . 

Sujntr — 

Brown lbs. . 

Refined lbs. . 


Quantities. 


2.390,808 

5.232 

678.150 


05.159 
27.759.599 


3.413.387 
12.265.295 

99.101 
10,421.055 


Total 

ran<ly  and  confectionery. 


TeaselH 

Teeth,  artificial 

Theatrical  effects,  etc 

Tins; 

Matte  and  scrap 

Manufactures  of 

Tobacco,  and  Manufactures  of: 
Unmanufactured — 

l>eaf lbs. .  . 

Stems  and  trimniinf^ lbs..  . 


357.496.342 
10.687.742 


Total  unmanufacture<l I     368.184,084 


Valdes. 


Dollan. 
2IB.in 
-    2SI,4n 
6US8 

2,442.96) 

24.634 
290.552 

315.176 


3.936.809 

50.306 
832.94} 

37.419 

1.747 

480.569 

492.360 
1,714,899 

S.545 
358.537 


Manufactures  of — 

CiKars M. 

Cigarettes M. 

Plug lbs. 

All  other 


1.966 
1.456.452 
7.335.640 


Total  manufactures. 


galls. 


Toy? 

Tripoli 

Trunkrt,  vuUse.»<,  and  traveling  bags 

Varnish 

Vegetables: 

Bean.s  and  pease bush. .  . 

Onions bush. .  . 

Potatoes bush. . 

Vegetables,  canned 

All  other,  including  i>icklei)  and  sauces 

Total 


660.553 

232.84! 
145.509 
843.075 


Vessels  Sold  Abroad: 

Steamers No. 

Sailing  vessels No. 


123 


2.569,241 
535.412 

34,258 

4.715 
41.656 

6.611 
656,096 


34,972.033 
278.860 

35,250.893 


46,962 
2.281.531 
1.683.152 
1.182.151 

5.193.796 

281.591 

20.262 

188.875 

667,475 

530.875 
116.624 
552,533 
597,759 
J45^7 

"2^543.488 

196,164 


Total 


123 


196.164 
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SUMMARY  OF  EXPORTS  OF  DOMESTIC  MERCHANDISE— Con/inued. 


Articles. 


Vinegar galU. . 

Vulcanized  fiber 

Wax,  shoemakers' 

Whalebone lbs. . 

White  metal ! 


Values. 


Dollars. 

18.072 

9.331 

5.961 

507.552 


530.659 
3.291.498 


Wood,  and  Mantfactcre*  of: 

Timber  and  unmanufactured  wood — 

Sawed M  feet 

Hewn cubic  feet. .  . 

I^ga,  and  other 

Lumber — 

Boards,  deals,  and  planks M  feet. .  . 

Joists  and  scantling M  feet. .  . 

Shingles M. .  . 

Shooks — 

Box 

All  other No. .  .  I  566.205 

Staves No. .  .        55,879,010 

Heading 

All  other 


1,065,771 
46.894 
38.211 


Total  unmanufacture<l. 


Manufactures  of — 

Doors,  sash,  and  blinds 

Furniture,  not  elsewhere  si>ecified 


Hogsheads  and  barrels,  emptv 

Trimmings,  moldings,  and  other  huu.^  finixhings 

Wooden  ware ". 

Wood  pulp lbs. 

All  other 


22.464,472 


Total  manufactures 

Total  woo<l,  and  manufactures  of. 


Wool,   and  Manufactires  of: 

Wool,  raw lb.*«. . 

Manufactures  of — 

Carpets yds. . 

Dresw  goo<ls yds. . 

Flannels  and  blankets 

Wearing  apparel 

All  other 


518,919 

69.337 
7,719 


Total  manufactures. 


Yeast 

Zinc,  and  Manufactures  of: 
Unmanufactured — 

Dross 

Ore tons. 

Manufactures  of — 

Pigs,  bars,  plates,  and  sheets lbs. 

All  other 


48.731 
3.539.071 


Total  manufactures 

All  other  articles 

Total  value  of  experts  of  domestic  merchandise.  .  . 


7,462,11! 

787,082 

4,506.728 

20,965,328 

647,920 

86,245 

779,777 
829.248 

4.740,680 
134.383 

3.7M.782 

44,672.284 


1,727.387 
4,454,309 
175,020 
565,213 
886,080 
445.228 
4,818,014 

13,071,251 

^7,743,535 


71,818 

57,979 

6,442 

48.141 

1,290,853 

318,713 

1,722.128 
24.675 


674.262 
1.3X6.694 


186,192 
99.481 


Carried  in  cars  and  other  land  vehicles. 
Carried  in  American  Vkssels: 

Steam 

Sailing 

Carried  in  Foreign  Vessel^: 

Steam 

Sailing 


285,673 

150.315 

1,392.231,302 

129.189,875 

77.671.627 
10.«i>W.03'> 
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MERCHANDISE    IMPORTED   AND    EXPORTED.   AND   THE    ANNUAL 

EXCESS  OF  IMPORTS  OR  OF  EXPORTS.  1860  TO  1903— 

SPECIE    VALVES. 


mpan^.       Export*. 


DollBn.     I  Doll 

3I«.242,423.  17, 333.au 

204,898,1116  M,AS4,2I1 

1T9,8M,«H  11,01",  ~ 

iM  ,003.812  nseo^ss 

143.6M,037   1S,3.' 

lie,S40,24S  2«,tt 

317.318,102  11.3' 


kUOJW.lAH  14.1  Se,  408 

198.340.7110  !2,0l 

'33.238.732  n.xa.Bii 

M4.22  3.032  10.015,770 

'2I.9M.HM  lfi.S4».7S7 


333,flia.iia 

1 89.358,077 
243,313,813 
810.447,183 
2aa.74fi,S8D 
434,813,OSfl 
303,701,090 
337,430,440 
417,300,370 
4U.O&g.40S 
320.223,184 
B39.nS.D77 
041.1 30 ,3 10 
507.400.342 
SSa.0O5,4» 

ua,7u,iiw 

4SI.S2S,II0 

437.0tt.S32 


,610.132 

1.153,080,382 
,048.448,147 


.603.503,404 

1.543,041,974 
1.473.151,881 


.408,502.079 
.410.911,311 
,487,633.027 


,7M/»fl.II« 

Isssjosliao 

..002.331.012 
1.316,723.908 
.847,631.084 
.,924,171,701 
2,2U.424.iao 
I.310.RS7.1H 
2.I8SM0.34B 
2.443.800,913 


I    DoUw. 

2O.04«.e«2 
'    M.73«.7a> 


85.gS2.64t 
iai.254.9SS 
7S.4B3.S41 
I3I.I88.«U 
43.IB0.640 
77.403.50<i 
.  182. 417.4)1 
.    It9.«5«.2i<# 

.      ..   ,     liMll^i 
79.043.481  . . 
161.132.004.. 
157.814,134.. 

204.00  i.eofi. 
ie7.08i.oir 

K,902,e 
100.0*8.4.  , 

73,SlS.gifl| 

■is,(»2.s 

2,730.!' 
08,518.2  " 

ie,6a4.« 

301.875.0..,   .      . 

^    is,;»,7; 

102,883.104  . 
186.105.144. 
015,433,070 

310.874,811 

om.gh!s 

478,308,4 
394,421.4 


i?-1ract  uf  the  I'ailei]  Stili 
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UNITED    STATES    TRADE    IN    1903. 


:D  trade  with  CANADA — trade  with  great  BRITAIN  AND  THE  EMPIRE. 

on.  O.  I*.  Austin,  Chief  of  the  Unite<I  States  Bureau  of  Statistics. 


mimerce  of  the  United  States 
cal  year  ending  June  30,  11K)3, 
the  largest  in  the  historv  of 
try.  This  is  true  both  of  in- 
id  foreign  commerce.  In  the 
foreign  commerce  it  is  easily 
'om  the  official  figures  of  the 
and  exports  of  the  year.  In 
of  internal  commerce,  condu- 
I  be  drawn  from  certain  great 
production,  transportation, 
K)rtation    for    manufacturing 

►tal   foreign  commerce  of  the 

lunted  to  practically  2  1-2  bil- 

lollars.  and  the  internal  com- 

fully  twenty  billions  of  dol- 

eady  indicated,  the  nieasurr- 
the  internal  commerce  of  the 
is  not  easy,  but  there  are  cer- 
t  factors  of  production,  trans- 
I.  and  the  activity  of  the  man- 
ig  industry,  which  make  pos- 
air  statement  of  the  internal 

onsus  states  the  value  of  the 
iducts  of  the  country,  such  as 
rures.  agricultural  products, 
nets  of  the  forests,  the  fisher- 
and  by  taking  these  great  fac- 
basis  and  calculating  for  but 
ransnction  in  each  of  them,  we 
ind  total  of  20  billions  of  dol- 
e,  a  sum  practically  equal  to 
•rnational    commerce    of    the 

1st  census  showed  the  gros:^ 
manufactures  in  1000  to  \ye 
IS  of  dollars ;  the  value  of  the 
ral  products,  nearly  4  bil- 
wlucts  of  the  mines,  n  billion 
and  adding  to  these  the  prod- 
the  forests,  fisheries  and  iiiis- 
is,  and  the  cost  of  traiisporta- 
the  consumer,  it  becom*»s  ap- 
hat  a  single  transact  ion  in 
cle  would  bring  the  total  up  to 
ns  of  dollars.  And  all  of  the 
jf  production  and  transporta- 
1003  show  that  its  activities 
»n  greater  than  those  of  the 
!»ar.  Every  factory  was  busy  : 
roads,  even  thoutrh  equipped 
Iditional  carry  ini?  fa<iliti«»s. 
rking  up  to  the  limit  of  thoir 
,  and  the  reports  of  the  Bu- 


reau of  Statistics  from  the  great  lake- 
carrying  trade  showe<I  a  larger  busi- 
ness than  in  any  preceding  year. 

This  record  of  the  freight  movement 
on  the  (Ireat  Lakes  is  an  important 
index  to  the  activities  of  the  country, 
both  in  production  and  manufacturing. 
T\\e  section  of  the  country  fronting  on 
Lake  Superior  is  a  great  producer  of 
wheat  and  of  iron  ore  and  copper.  So 
the  record  of  movements  of  freight 
through  the  canals  conne<'ting  Supe- 
rior with  the  lower  lakes  is  an  impor- 
tant indication  of  the  demand  of  the 
great  manufacturing  section  for  iron 
and  copper,  and  of  the  supply  which 
that  great  region  has  of  agricultural 
products  for  distribution  to  the  world. 
The  records  of  the  Bureau  of  Statis- 
tics for  the  month  of  June  and  the 
portion  of  the  navigation  year  ending 
with  June  shows  a  greater  movement 
of  freight  through  these  canals  than  in 
any  preceding  year. 

That  the  iron  furnaces  and  works  of 
the  country  were  working  up  to  their 
highest  capacity  is  shown  by  the  fact 
that  despite  the  high  prices  which  pre- 
vailed, the  consumers  of  the  country 
were  compelled  to  turn  to  foreign 
countries  to  obtain  a  part  of  the  iron 
and  steel  which  they  required ;  the  im- 
ports of  iron  and  steel  being  greater  in 
1003  than  in  many  years. 

The  pig  iron  produc€»d  in  the  United 
States  in  the  calendar  year  1902 
amounted  to  17,821.307  gross  tons. 
This  makes  the  pig-iron  production  of 
the  United  States  in  1J)02  larger  than 
that  of  any  two  other  countries  of  the 
world.  Tho  pig-iron  profluction  of 
11K)2  is  double  that  of  1S!N>.  and  more 
than  three  times  that  of  1880. 

Yet,  despite  this  unparalleled  pro- 
duction, the  importations  of  iron  and 
steel  were  greater  in  value  in  the  fiscal 
year  100.3  than  in  any  .vear  since  1891, 
and  with  that  single  exception,  greater 
than  in  an.v  year  since  18^.  The 
above  facts  regarding  the  production 
and  importation  of  iron  and  steel  are 
stated  somewhat  in  detail  because  of 
the  general  belief  that,  in  the  United 
States  at  least, the  constimption  of  iron 
and  steel  is  a  reliable  \^d'5hTL  ^1  \!w^ 
busineaa  BiclWW's   ol  >i\i^  tovxtiVrs.    'N^ 


288 


SCIENTIFIC    AMERICAN    REFERENCE    BOOK. 


this  be  true,  it  may  be  safely  asserted 
that  the  business  of  the  year  19(K^  has 
exceeded  in  value  that  of  any  qf  its 
predet'essors. 

Labor. — Another  indication  of  the 
general  activity  was  the  difficulty  re- 
ported everywhere  in  obtaining  labor. 
This  was  especially  noticeable  during 
the  harvest  season.  The  crop  was 
abundant,  and  the  demand  for  labor 
far  in  excess  of  the  supply,  so 
mu<'h  so  that  reports  from  the  West 
showed  that  in  some  cases  farmers 
flagged  railroad  trains  and  after  stop- 
ping them  passed  through  the  trains 
soliciting  the  paswngers  to  step  off 
and  accept  employment  in  the  harvest 
field.  Curiously  these  incidents  were 
reported  especially  from  the  State  of 
Kansas,  which  a  few  years  ago  was 
the  scene  of  the  greatest  discontent 
because  of  the  crop  shortage,  heavy 
farm  indebtedness,  and  general  con- 
ditions of  financial  depression.  But 
the  same  general  reports  of  difficulty 
of  obtaining  labor,  especially  in  the 
agricultural  districts,  came  from  all 
parts  of  the  country. 

Immfghation. — One  effect  of  the 
prosijerity  and  g»»neral  denmnd  for  la- 
bor in  the  I'nited  States  in  the  past 
few  years  is  noticeable  in  the  in- 
creased immigration.  The  number  of 
immigrants  entering  the  United  States 
in  VMK]  was  larger  than  in  any  pre- 
ceding year.  The  total  number  of  im- 
migrants entering  the  I'nited  States 
in  the  fiscnl  yenr  ending  June  IM),  VMYA. 
was  8."'»7.0."'>r».  This  was  25  per  cent,  in 
excess  of  any  preceding  year,  practi- 
cally t\vi<e  as  ninny  as  in  IIXKK  and 
about   four  iiruj's  as  many  as  in  181^8. 

Tlie  aUractioMs  iu  ili(»  I'nited  States 
seem  to  liav  reNuItcil  in  a  marked  in- 
crease in  I  lie  inuuii;i*at  inu  from  the 
rnif«M|  Kiu:;(lom,  tliouirli  \\\o  Iar;;est 
increase  is  from  tin*  countries  of  south- 
ern KuroiM'  and  Russia.  The  arrivals 
from  Ku^Iand  in  the  lisral  ycai*  \U{)'.\ 
were  1!<;.'J1I»  a;;ainst  IIJ..".? l"  in  llMrj; 
those  from  Scotland.  CkI.").*!  atrainst 
2.r)rA)  in  llMrJ:  ami  tliosc  from  Ire- 
land. ::r».:*.<M)  airainsi  '2UA:\S  in  ll>n-j. 
From  <M'rmany  rhc  numbci-  was  UK- 
OSr,  against  'JS.-'lnl  in  the  preiedin;: 
yer. r.  Tin*  lariicst  increase,  howevci-. 
was  from  Italy.  Austria-llunirai-y.  ami 
Uu^sia.  TIm'  nnmlMT  fiduj  Ilalv  was 
'SMHV2'2.  airain-t  ITS-'m."*  in  the  pn- 
<-e(lim;  yeai*:  fi'om  .\u^iria-llun^ary. 
LMM;.nir  auaiu-t  ITl.XSll  in  the  piv- 
cediiiir  vcar:  and  fi'om  Ku^-'^iM.  1.".«J.ni>:*» 
RL'ainsf"  1(17.:;  IT  in   liurj. 

The  I'evicws  of  the  Ntati^tii^;  of  im- 
mj^'r;jliuu     wljicli    tiiis    unpre<o<leuted 


flood  of  arrivals  has  suggested  show 
that  the  total  numt)er  of  immigrants 
arriving  in  the  United  States  since 
1800  is  over  21  millions,  and  the  num- 
ber of  persons  of  foreign  birth  now 
residing  in  the  country,  over  10  mil- 
lions. Notwithstanding  the  demand 
for  labor  in  the  agricultural  sections, 
however,  the  bulk  of  this  large  im- 
migration remains  in  the  cities.  There 
is  a  great  demand  for  ]al>or  in  the 
manufacturing  towns  and  cities,  and 
they  absorb  a  large  proportion  of  the 
arrivals,  while  the  mining  regions  also 
draw  largely  upon  the  new  arrivals. 
This  is  especially  true  of  the  peopl<* 
from  southern  Euro]>e  and  Russia,  the 
chief  additions  to  the^  agricultural  pop- 
ulation being  those  from  Norway, 
Sweden,  and  Germany. 

The  foreign  commerce  of  the  year 
1003.  as  already  indicated,  was  the 
largest  in  the  history  of  the  country. 
This  statement,  however,  relates  to  the 
commerce  as  a  whole,  combining  im- 
I)orts  and  exports  under  that  term. 
In  imports  the  figures  of  the  year 
were  the  largest  in  the  history  of  the 
country,  but  in  exports  the  figures 
were  slightly  below  the  high  record  of 
1000.  The  total  imports  were  S1,02.V 
(H)0.(H¥),  and  the  total  exi>orts  $1,420.- 
(MMXOOO.  These  figures,  it  will  be  ol>- 
served,  are  stated  in  round  millions, 
because  they  are  more  readily  assim- 
ilated in  this  form. 

This  increa.Mc  of  imports  and  de- 
crease of  exports  was  doubtless  due  in 
both  cases  to  the  general  prosi>erify 
and  business  activity  already  noted. 

Impokts. — The  increase  in  imports 
was  chiefly  in  material  for  use  in 
manufacturing,  though  there  was  a  very 
(onsiderable  increase  in  importation  of 
linished  manufactures.  Tliis  is  quite 
natural  in  a  time  of  business  i)rosi>er- 
ity.  when  money  is  plentiful.  The  in- 
crease in  importations  of  manufac- 
tures ready  for  consumption  amounted 
to  alx.ut  28  million  dollars  compared 
with  the  ])receding  year,  and  of  dia- 
monds and  other  precious  stones,  about 
7  millions.  In  manufacturing  mate- 
rial, however,  the  importations  .showed 
the  jj:reatest  growth.  In  raw  material 
lor  usf>  in  manufacturing  the  imi)orta- 
tions  of  rhe  year  were  48  million  dol- 
lars iu  excess  of  the'  preceding  year. 
and  in  partly  manufactured  material 
\'i*r  u<e  in  manufacturing,  the  increase 
wa<  2.'*  millions,  making  the  total  in- 
•  rease  in  m:niufa<*turing  materials  im- 
porfei'  i.ver  70  million  dollars  as  com- 
parejl  with  the  preceding  year. 

TUo  iucveuse  in  partly  manufactured 
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materials  was  chiefly  inpig-lron,  plates 
and  bars  of  iron,  etc.  The  increase  in 
raw  materials  was  chiefly'  in  raw  silk, 
tibres,  tin,  chemicals,  india-rubl)er,  and 
other  articles  of  this  character. 

Exports. — In  exports  the  reduction 
was  doubtless  due  to  the  unustinl  home 
demand  both  for  foo<Istuffs  and  manu- 
factures. Ex]K)rt8  of  iron  and  steel 
were  27)  million  dollars  l)elow  those  of 
19(M>,  and  those  of  agricultural  prod- 
ucts were  70  millions  below  those  of 
19()1.  Yet  the  iron  and  steel  manu- 
facturing establishments  of  the  coun- 
try were  turning  out  more  of  their 
produ<'ts  than  ever  before,  and  the  ag- 
ri<'ultural  production  of  HM)8  was 
quite  up  to  the  usual  total  in  most  of 
the  great  staples.* 

V.  S.  r()ix)NiAL  Trade. — One  inter- 
esting development  of  the  year  IIHK?, 
and  one  which  attracted  some  atten- 
tion l)ecause  of  its  novelty,  was  the 
announcement  that  the  commerce  be- 
tween the  I'nitwl  States  and  its  non- 
contiguous territory  amounted  to  KM) 
million  dollars  in  1003.  This  was 
the  first  time  that  the  country  ha<l 
a  clear  view  of  the  value  of  its  com- 
merce with  the  colonies,  or  noncon- 
tiguous territory,  as  they  are  general- 
ly designated. 

Soon  after  the  annexation  of  the 
Hawaiian  Islands  and  Porto  Uico, 
they  were  made  customs  districts  of 
the  I'nitecl  States,  and  as  there  was  no 
!aw  authorizing  the  colledlon  of  the 
statistics  of  commerce  between  the 
customs  districts,  the  persons  engaged 
in  that  commerce  refused  to  furnish 
statements  of.  the  value  of  tlieir  ship- 
ments to  and  from  the  islands.  As  a 
result  the  country  was  without  any 
information  regarding  the  value  or 
growth  in  this  commerce. 

The  Bureau  of  Statistics,  seeing  the 
imi)ortance  of  some  system  by  which 
this  commerce  could  be  measured,  pre- 
pared a  bill,  which  was  pas.sed  by  Con- 
gress, authorizing  the  collection  of 
these  statistics  in  the  same  manner  as 
those  of  the  commerce  with  foreign 
commerce.  As  a  result,  the  country 
has  now.  for  the  first  time  since  the 
annexation,  a  record  of  the  coninierce 
between  the  United  States  an<l  all  of 
its  noncontiguous  territory.  This  shows 
a  grand  total  of  100  million  dollars. 
Of  this  grand  total  of  100  millions. 
al>out  37  millions  was  merchandise 
shipped  to  the  territory  in  question.  HS 
millions  merchand'pe  reeeived  from  it, 
and  nearly  5  millions  gold  bnllioii 
produced  in  Alaska  territory.  The  ter- 
ritories included  in  this  statement  are 


Alaska,  Porto  Rico,  the  Hawaiian 
Islands,  and  the  Philippines.  It  is  a 
novel  experience  for  the  people  of  the 
United  States,  and  they  find  it  espec- 
ially interesting  to  observe  their  own 
territor;$r  furnishing  them  a  market  for 
37  million  dollars*  worth  of  merchant 
dise,  while  their  sales  to  the  same  ter- 
ritory in  18$)3  were  less  than  8  million 
dollars. 

U.  S.  A.  AND  (^REAT  BRITAIN. — The 

development  of  the  commerce  of  1003, 
with  reference  to  the  United  Kingdom 
and  British  territory  in  general,  was 
of  marked  interest.  The  exports 
to  the  United  Kingdom  fell  24  million 
dollars,  while  the  imports  from  that 
country  increased  26  millions.  This  is 
especially  interesting  l)ecau8e  of  the 
fact  that  to  practically  all  other  Euro- 
pean countries  the  exports  increased. 
The  total  exports  to  all  Europe  were 
1.030  million  dollars  against  1,008  mil- 
lions  in  1002,  but  those  to  the  United 
Kingdom  were  524  millions  against 
548  millions  in  1(K)2.  To  Germany 
there  was  an  increase  of  20  millions; 
to  Russia  an  increase  of  6  millions ;  to 
France  0  millions,  and  to  Netherlands 

3  millions. 

The  chief  falling  off  in  the  exports 
to  the  United  Kingdom  was  in  cotton 
and  wheat.  The  falling  off  in  <»otton 
amounted  to  4  millions,  and  that  of 
wiieat  10  millions,  though  the  latter 
was  offset  in  part  by  an  increase  of  3 
millions  in  flour. 

Of  the  2t»  millions  increase  in  im- 
ports from  the  United  Kingdom  al)OUt 

4  millions  was  in  coal,  chiefly  due  to 
the  coal  strike  in  the  early  part  of  the 
year,  and  the  remainder,  manufactures 
of  various  sorts,  especially  iron  and 
steel,  of  which  the  total  imports  ex- 
cee<le<l  those  of  hist  year  by  24  mil- 
lion dollars. 

U.  S.  A.  AND  British  Colonies. — 
To  practically  all  other  parts  of  the 
British  Empire  the  exports  of  the  year 
showed  an  increase.  Uanada.  despite 
the  decrease  in  duty  on  products  of 
(ireat  Britain  and  the  (Vdonies,  made 
in  l.SJ)7.  ISOS  and  1!HK>.  which  was  ex- 
pected to  place  the  United  States  at  a 
great  disadvantage,  increased  her  tak- 
ings of  the  products  of  the  United 
States.  I'J  millions,  the  total  ex|)orts 
to  Uauada  in  the  fiscal  year  being  123 
niillion  d*)llars.  'Hie  imports  from 
Canada  also  imreased.  being  55  mil- 
lions a>;ainst  4S  millions  in  1003. 

Kfst'i.ts  ok  Canada's  Tariff. — 
The  (irst  reduction  in  theC^anadian  tar- 
iff on  pmdiKts  of  the  T'nited  King- 
dom and  n\osl  oC  \Vw  Cv.AinVw-'s^  v^v^v^\w^\ 
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in  April,  1897,  a  redaction  of  12  V^  per 
cent  in  the  tariff  on  merchandise  from 
the  United  Kingdom  and  her  Colonies, 
while  there  was  no  reduction  on  mer- 
chandise from  the  United  States.  On 
June  30th,  1898,  another  reduction 
of  12 V^  per  cent  occurred,  and  in 
1900  the  reduction  was  made  33  1-3 
per  cent.  Yet,  comparing  the  imports 
for  consumption  in  1902  with  those  of 
1896,  as  shown  by  the  Canadian  Sta- 
tistical Tear  Book,  the  imports  from 
the  United  Kingdom  have  increased 
16  million  dollars  and  those  from  the 
United  States,  62  million  dollars, 
while  the  figures  of  the  United  States 
for  1903  show  u.  further  increase  of 
about  13  millions  in  exports  to  Can- 
ada. 

Canada's  Trade  with  the  U.  S.  A. 
AND  (treat  Britain. — In  1882,  ac- 
cording to  the  Canadian  Statistical 
Year  Book  al)ove  quoted,  the  imports 
of  Canada  from  Great  Britain  were 
50  millions,  and  those  from  the  Uni- 
ted States  48  millions.  In  1902,  20 
years  later,  those  from  Great  Britain 
were  49  millions,  and  those  from  the 
United  States  120  millions,  notwith- 
standing the  fact  that  the  tar'ff  on 
products  from  Great  Britain  had  been 
reduced  one-third  as  against  those 
from  the  United  States. 

Comparing  1902  with  1882,  there  is 
a  slight  reduction  in  the  imiKirts  from 
the  United  Kingdom  and  an  increase 
of  about  liiO  per  cent  in  those  from  the 
United  States.  Of  the  123  million 
dollars*  worth  of  exports  from  the 
United    States    to    Canada    in    11K)3, 


about  20  millions  were  manufactures 
of  iron  and  steel ;  6  millions  coal ;  8 
millions  wheat,  flour  and  corn;  4  mil- 
lions agricultural  implements;  3  mil- 
lions cotton  manufactures ;  and  the 
bulk  of  the  remainder  miscellaneous 
manufactures. 

The  convenience  of  buying  from  the 
salesman  who  brings  the  samples  to 
the  door  of  the  purchaser  and  orders 
whatever  is  wanted  by  telephone 
across  the  border  with  the  assurance 
that  the  goods  will  be  delivered  the 
next  day,  if  desired,  apparently  more 
than  balances  the  difference  of  33  1-3 
per  cent  in  duty. 

U.  S.  A.  Trade  with  the  British 
Empire. — In  general  terms  it  may  be 
said  that  the  commerce  between  the 
United  States  *and  the  British  Empire 
in  1903  was  over  a  billion  dollars,  of 
which  746  millions  was  exports  and 
325  millions  imports.  Of  the  746  mil- 
lions of  exports  to  British  territory 
524  millions  was  to  the  United  King- 
dom ;  123  millions  to  Canada ;  33  mil- 
lions to  British  Africa ;  32  millions  to 
Australasia  and  New  Zealand :  10 
millions  to  the  British  West  Indies: 
and  8  millions  to  Hongkong.  Of  the 
325  millions  of  imports  from  the  Brit- 
ish Empire,  191  millions  was  from  the 
United  Kingdom :  55  millions  from 
Canada ;  ,^)0  millions  from  India :  13 
millions  from  the  West  Indies:  and 
7  millions  from  Hongkong. 

Analysis  of  Commerce,  1893-190,'^. 
— The  following  tablts  present  an 
analysis  of  the  commen  e  of  the  I'uited 
States  from  1893  to  1903 : 


ANALYSIS     OF    THE    TRADP:     OF    THE     U.  S.  A 
Imports  into  the  United  States. 
(According  to  Continents.)     [In  million!*  of  dollars.] 


Europe. 

N.  America.  • 

S.  .\merica. 

Asia. 

Oceania. 
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Mills. 
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Mills. 
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Mills. 
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Dolls. 
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87 
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9 
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21 
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3 
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1895 
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15.32 

77 

10.01 

17 
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5 

.9S 

189fi 
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10.27 
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89 

11.49 

24 

3.16 

11 

1  43 

1897 
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14.04 

87 

11.41 

24 

3.19 

9 

1  25 

189S 
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40.  (Wl 

91 

14.83 

92 

14.95 

92 

15.03 

2(1 

4.36 

7 

1.17 

1809 

353 

50.7ri 

112 

10.09 

80 

12.42 

107 

15.30 

2ft 

3.87 

10 

1.50 

1900 

440 

51.84 

130 

15.30 

93 

1 1   02 

139 

10.45 

34 

4.07 

11 

1.32 

1901 

429 

52.19 

145 

17.<i3 

110 

13.41 

117 

14.30 

11 

1.38 

8 

1.00 

1902 

475 

52.r,l 

151 

10.73 

119 

13.20 

129 

14.35 

14 

1.57 

13     , 

1.4S 

190.3 

550 

53 .  «'t3 

18S 

IS.  42 

107 

10.47 

145 

14.21 

21 

2.05 

12     1 

1.23 
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Exports  from  the  U.  8.  A. 
(Accordinc  to  Cootinents). 


Year. 


1893 
18M 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


Europe. 

Mills.  -    Per 
Dolls.  '  Cent. 


661 

700 

627 

673 

813 

973 

936 

1,040 

1.136 

1.008 

1.029 


78.10 
78.57 
77.76 
76.26 
77.89 
79.07 
76.33 
74.60 
76.30 
72.96 
72.49 


N.  America.   ,   S.  America. 


Asia. 


Mills. 
Dolls. 

119 
119 
108 
116 
124 
139 
157 
187 
196 
203 
215 


Per 
Cent. 

14.13 
13.42 
13.45 
13.21 
11.89 
11.35 
12.87 
13.45 
13.21 
14.75 
15.18 


Mills. 

doHs. 


Per 
Cent. 


MUls. 
Dolls. 


Per 
Cent. 


32 

3.85 

16 

1.91 

33 

3.72 

20 

2.34 

33 

4.15 

17 

2.15 

36 

4.11 

25 

2.90 

33 

3.21 

39 

3.74 

33 

2.75 

44 

3.63 

35 

2.91 

48 

3.94 

38 

2.79 

64 

4.66 

44 

2.98 

49 

3.34 

38 

2.76 

63 

4.63 

41 

2.89 

57 

4.09 

Oceania. 

Afri 

MilU. 

Per 

Mills. 

Dolls. 

Cent. 

Dolls. 

11 

1.82 

5 

11 

1.84 

4 

13 

1.62 

6 

17 

1.95 

13 

22 

2.16 

16 

22 

1.78 

17 

29 

2.43 

18 

43 

8.11 

19 

35 

2.86 

25 

84 

2.48 

88 

37 

2.64 

88 

Per 
Cent. 

.69 
.61 
.87 
1.57 
1.61 
1.42 
1.52 
1.79 
1.72 
2.4i 
2.71 


Exports  of  Domestic  Merchandise  from  the  U.  S.  A.,  1898  to  1908. 

(According  to  classes.) 


Year  .    Manufao- 
end-  tures. 

ing 
June 

30.    Mills.      Per 
Dolls.   Cent. 


1893 
1894 
1805 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


158 
183 
183 
228 
277 
290 
339 
433 
412 
403 
408 


19.02 
21.14 
23.14 
26.48 
26.87 
24.02 
28.21 
31.65 
28.22 
29.77 
29.32 


A^cultural 
Products. 


Mills. 

Per 

Dolls. 

Cent. 

615 

74.05 

628 

72.28 

553 

69.73 

509 

66.02 

683 

66.23 

853 

70.54 

784 

65.19 

835 

60.98 

943 

64.62 

851 

62.83 

873 

62.72 

Products 
of  the 
Mines. 

MUU.:    Per 


20 
20 
18 
20 
20 
19 
28 
37 
37 
39 
38 


2.41 
2.35 
2.33 
2.32 
2.01 
1.60 


2. 
2. 
2. 
2. 
2. 


34 
76 
60 
90 
79 


Products 

of  the 

Forests. 

Mills.'    Per 
Dolls,  i  Cent. 


28 
28 
28 
33 
40 
37 
42 
52 
54 
48 
57 


3.38 
3.22 
3.61 
3.91 


3. 
3. 


.92 
13 
3.49 
3.81 
3.72 
3.55 
4.15 


Products 

of  the 
Fbheries. 

MilU.'    Per 
Dolls.  I  Cent. 


5 
4 

5 
6 
6 
5 
5 
6 
7 
7 
7 


.67 
.49 
.67 
.79 
.63 
.45 
.50 
.46 
.53 
.57 
.56 


Miscel- 
laneous    Total. 
Products. 


MUls. 

Per 

Mills. 

Dolls. 

Cent. 

DoUs. 

3 

.47 

831 

4 

.52 

869 

4 

.52 

798 

4 

.48 

863 

3 

.34 

1.082 

3 

.26 

1,210 

3 

.27 

1.203 

4 

.34 

1,370 

4 

.31 

1.460 

5 

.88 

1.855 

6 

.46 

1.892 

Year 

end- 
ing 
June 
30 


1893 
1894 
1H95 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


Imports  into  the  U.  S.  A..  1893  to  1903. 
(According  to  classes.) 


Food  and 
Live  Animals. 


Mills. 

Per 

Dolls. 

Cent. 

269 

31.89 

275 

43.33 

226 

30.97 

228 

30.13 

254 

32.27 

170 

29.08 

207 

80.27 

216 

26.02 

213 

26.45 

201 

22.26 

218 

21.18 

Crude  Articles 

for  Domentic 

Industries. 


Articles  Wholly 
or  Partially 

Manufactured 

for  Use  am 

Materials  in 

Mechanic  Arts. 


Mills. 

Per 

Mills. 

Dolls. 

Cent. 

Dolls. 

218 

25.85 

94 

126 

19.89 

65 

187 

25.64 

83 

201 

26.57 

79 

207 

26.26 

69 

188 

32.16 

58 

218 

31.82 

60 

299 

36.04 

80 

270 

33.54 

74 

327 

36.27 

91 

375 

36.58 

114 

Per 
Cent. 

11.20 
10.32 
11.46 
10.46 

8.85 
9.91 
8.76 
9.70 
9.27 
10.09 
11.15 


Articles  Manu- 
factured Heady 
for  Consump- 
tion. 


Mills. 
Dolls. 


Per 


Luxuries,  and 

other  Articles 

of  Voluntary 

Use. 


Mills. 


Cent.    •  Dolls. 


153 

18.22 

108 

99 

15.60 

69 

140 

19.25 

92 

160 

21.09 

89 

165 

20.91 

92 

94 

16.15 

74 

110 

16.15 

89 

130 

15.72 

103 

135 

16.81 

112 

150 

16.66 

132 

170 

16.61 

147 

Per 
Cent. 


12.84 
10.86 
12.68 
11.75 
11.72 
12.70 
13.00 
12.51 
13.93 
14.72 
14.38 


Total. 


MilU. 
Dolls. 


844 
636 
731 
759 
789 
587 
685 
830 
807 
903 
1.025 


— Davlv  VLaAV  Y^ax  ^c>fifi^. 
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IMPORTS   OF    MERCHANDISE.    BY   PRINCIPAL   ARTICLES    AND 
CLASSES,  IN  ORDER  OF  MAGNITUDE  IN  1903. 


Bagmt 7i,088,073 

(.lMDiio>l>,<lruBa.«iid<lye« M.Ul.lM 

CoSm ,  se,2oo.T4e 

Hidtfl  Mill  nkiiu. M.OJl.eiS 

Cotton.  muiDfMlareii  of, .  S2.ie2.TS£ 

tures  uf .  . .    '        S1,BI7.312 


Tto,  in  hitni,  liliickK.  or  i>i|p. . . 


sI3SS!'' 


C«I.Mtun>iiiciu>. . 


50,011.050 


xa,isa,Mi 

20.S7«.1» 
I«.G1«.3§S 


12.2^3,1157 
11.294,1117 
I0.IW2.591 


DulUn. 
Articln,  ibe  Krowtb.clcoTtbc 

United  Sola,  retunwd 7,ITa,s;3 

Melals.  and  muiufacluna  of....  7.<»7J« 

SiJicw 4,K15.ia 

Paper,  uid  BunufBctunH  'if.  .. .  4jn,<» 
Provisiona:     Meat    and    dairy 

produeu 4.701,516 

Vcgetoblw 4.5(>l.aU 

AiumaK 4.531,115 

Hiwki.  inapK.  enanivinf.,  eic . . .  4,t23,«» 

Art  K.B-ki. 4.II0.3IS 

Tiiyi.. 4.I3Ijnt 

Laid,  in  cir«. 4,O73,0H 

Hals.  Ixinwo.  ami  biwds.  Bad 

maleriaL.  lor. I        3.87I^S 

MatlinK,  f.ir  floori..  elr. 3,780.I)S0 

<:>turnt I  3.6O7.066 

Cni>per  ore. 3.385  JI4 

Fertiliaert '        3.100.^6 

,   Hice 3,l>il,4:! 

BrwIoIuBk 3,021.1ii0 

Paper  rtiiek,rnute 3.D15.0M 

HouHh.>l.l  Bn<l  icrwinal  effertK.  2..-l,M.DD7 

Seeils 2,S31.IT9 

Hair,  and  manurw-tum  i>(.  .  .  .  2.77.i,0M 

ClurkK  and  waif  h«<.  and  |>annn[  2,l>72.3in 

Bri-;W.  , 2,«4,iiW 

f„rk  wQo,l,  Of  tiirk  bark,  and  , 

nianurartuna  uf 2.567.5M) 

Feathert.  and  down,-.,  crude,  not 

droHned,  etc 2.47n.l>59 

rnin  ore.    .   2,3SI,I7» 

Hay Z.2J»,lffil 

Jewi-lry.  1U1.E  manufactuies  of 

mild  and  -ilver. Z.007.4I3 

Air>i1  her  articles 5S.<i37.Mll 

Tixal.  ....    ^_^. 1.02J.71B.117 

iiiierreand  Navigatirm,  Bureau  nt  Slalisiin'. 


.VJl.    tlli'il-   nimrricHf 


MOTIVEPOWER  APPLIANCES. 

H.   .S,iiil,„rn.    KxiH-i-l  Si„.rml  Ar.-iH   IVcdflh  Census. 

lis.litn.'iits     iDvi'mt  >in<l  :in  .iBKrcBrtlc  vnlue  of  *l,52(),tH0. 

dinr'il    iliiriim    llii'  Tlif  tiiliilN  for  nil  primtiry  (lowers.  «■ 

sii'iiui  liiilli'iH.  ri'|i-  clusivi!  uf  xleum  boilers,  wfiv  a»  fol- 

aiiti'    of    ■-Mi-.;s.1i,s:t  ,    low.-i :     .Xumlwr  of  units.  .KKXll  ;  ait- 

Kilnl  viiliii' i>rS:r..-  itn'L'ntP    liorm'iHiwtT.    :'.T4»..t2:i :    toliil 

:>iiKJMi-K..f  111!  [v[H>s  viiliK',    $:r>.ll'0.:>18.     Thi-  otiirr    ]>r«l- 

'liiivd  2<.).rjt>.  ri'|>-  tills    »f    ilii-se    1.1TI)    pstahlisbmrnis 

li.ir»'iH>»'i'r,    uii'l  .   nmiiLioKil  111  VHlm- to$&l,7r>4,2»!t:  Ibr 

•71.     Tbi'    iiuiiilii'r  iimiHiTits  rwi-ivt-Hl  for  cuHtom  work  nixl 

i»ii   i'tii:in<'s,    iisliii:  n>iuiiriiiti  r«ni-]u>d  a  total  of  1!2ll,<Hr4.- 

"s.   ]iro  lll"i,  mill  the  total  oiit|iut  of  all  |>ml 

r:iK  IK.-  iii-ls  Hill)  III]  clawuv  of  work  n-|ire!«iit- 

<-r   ivii-  I'd  a  vnhir  of  ? 1 72,3)2.1 4.".. 

LiiiriiiTii-  'Ilii'    taMf    Khnws    tlii'    mimber.   : 


III-  linr 


c.f  n 


al  value  ot 
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NUMBER,  AGGREGATE  HORSEPOWER.  AND  VALUE  OF  PRIMARY  POWERS:  1900. 


Number  of  eetabliiihments 1,170 

Steam  boilers: 
Fire  tube — 

Number 35.802 

Aggj^KHte  horsepower 1,043,222 

Total  value $18,037,451 

Water  tube — 

Number 4,731 

Aggregate  horseiMiwer 985,761 

Total  value $7,625,904 

Steam  engines: 

Marine — 

Number 767 

Aggregate  horsepower 396,047 

Total  value $7,018,369 

Fixed  cut-off  throttling — 

Number 21.806 

Aggregate  hor!«epower 658,111 

Total  value. $7,963,805 

High  npeeci  variable  automatic 
cut-off — 

Number 3.823 

Aggr^ate  horsepower 314,668 

Total  value $3,282,787 


Low  tq>eed  variable  automatic 
cut-off — 

Number. 2.724 

Aggregate  horsepower 841,001 

Total  value. $9,755,010 

Internal-combustion  engines: 

Number 18.631 

Aggregate  horsepower 1 64,662 

Total  value $5,579,398 

Overshot  or  undemhot  water  wheels: 

Number 58 

Aggregate  horsepower 1,257 

Total  value $12,250 

Turbine  water  wheels: 

Number 1,665 

Aggregate  horsepower 311,527 

Total  value $1,232,090 

Impact  water  wheels: 

Nimiber 957 

Aggregate  horsepower 55,150 

Total  value $276,509 

Primary  powers,  all  kinds: 

Number 50.331 

Aggregate  horsepower. '. 2.743.323 

Total  value $35,120,218 


POWER,  COMPARATIVE  SUMMARY:    1870  TO  1900. 
_  [Twelfth  Census,  Vo]^  VI I .  j)ages  cccx vi,  and  582.] 

Date  of  Census. 


Per  Cent,  of  Increase. 


Power. 


1900. 


1890. 


1880. 


512,191 
169.364 

33.1 


355.405 
100.726 


66.7 
156.051 


28.3 


59.1 
91.403 


Total  number  of  establishments 
Total  number  of  establishments 

reporting  power 

Per   cent   ot   establishments 
reporting   power   to   total 

number 

Total  horsepower 11.298,119  i5,954,204 

Avera^  horsepower  per  es- 
tablishment  

Steam  engines: 

Number 

Horsepower 

Per  cent  of  total  horse- 
power  

Ga.-*  engines: 

Number 

Horsepower. 

Per  cent  of  total  horse- 
power  

Water  wheels! 

Number 

Horsepower 

Per  cent  of  total  horse- 
power  

Electric  motors: 

Number 

Horsepower 

Per  cent  of  total  horse- 
power  

Other  power: 

Number 

Horsepower 

Per  cent  of  total  horse- 
power  

Total  rented  horsepower 

Per  cent  of  total  horse- 
power  

EHectric  rented  horsepower 
All    other    rented    horse- 
power  


253.852 
85,923 


33.8 
3,410,837   2.340.142 


1870. 

252.148 
0) 


1890 

to 

1900. 


1880 

to 

1890. 


44. 1> 
68.1 


40.0 
17.2 


1870 

to 

1880. 

0.7 


39.7 
56,483 


29.3 


8,741,338  I4,581,3a5  ,2.185.458  ,1.215.711 


89.8     74.6       45.4 

12.9'    48.9  I  S26.9 

70.71    61.8    

90.8,  109.6  ,    79.8 


64.1 

0) 
0) 


77.4 

14,884 
143,850 

1.3 

39  168 
1,726!661    1.255.045    1,225.379 


76.9 

0) 
8.930 

0.1 

39,005 


55,404 


51.8 

(») 
0) 


1.510.91 


15.3 

16.912 
310.729 

2.8 

2.144 
54.490 

0.5 
321.051 

2.8 
183.r>82 


21.1 

(n 

15,569 

0.3 

(>) 
4,784 

0.1 
88,571 


35.9 

(>) 
0) 


0) 
1,130.431 

48.2 

(>) 


0.4  »29.6 
37.6       2.4 


8.4 


11.895.8 


0) 


(') 


(') 


[1,039.0 
I    262.5, 


1.5 


i*) 


137,369 


(*) 


0) 


0) 


I 


*  Not  reported.    •  Average  for  all  establi.shment!*.    ^  Decrease.    *  ^oV  xcvwt\.«,(^  *«v»^t8\^>s 
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METALrWORKINQ    MACHINERY    IN    THE    UNITED    STATES— KIND. 
QUANTITY,  AND  VALUE  OF  PRODUCTS:    1900. 

e8tabliHhmentM 


Number  of 
porting 

Hammerfi — steam, 
drop: 

Number 

Value 


re- 


power,    and 


FofginR  machines,  including  bolt 
hea<lerei.  and  all  other  ma- 
chines for  forging  hot  metal 
with  dies  and  by  pressure: 

Number 

Value 

Stamping,  flanging,  and  forming 
macuines  for  plate  and  sheet 
metal: 

Number 

Value 

Punching  and  shearing  machines: 

Number 

Value 

Bending  and  straightening  rolls: 

Number 

Value 

Riveting  machine.**: 

Number 

Value 

Lat  hcs : 
Hand- 
Number 

Value 

I'jigine — 

Numl)er 

Value 

Turret,  including  all  automatic 
or  semi-automatic  lathes 
for  making  duplicate 
I)ipces  — 

Number 

Value 


397 


857 
$671,287 


821 
$424,774 


7,895 
$1,180,960 

5.269 
$1,219,605 

914 
$202,230 

202 
$139,295 


3.945 
$300,081 

12.089 
$4,451,807 


3.ti87 
$2,449,121 


Boring  and  turning  mills  or  vert  i- 
cal  lathes: 

Number 

Value 

Boring  and  drilling  machiner>% 
including  all  machinen  using 
drills  or  boring  bars: 

Number 

Value 

Planers,  including  plate-edge 
planers: 

Number 

Value 

Slotters  and  shapers: 

Number 

Value 

Milling  machines,  including  all 
machines  using  a  muling 
cutter: 

Number 

Value 

Sawing  machines: 

Number 

Value 

Grinding  and  polishing  machin- 
ery, including  all  machines 
using  abrasive  cutters: 

Number 

Value 

Bolt,  nut,  and  pipe  threaiiing 
and  tapping  machines: 

Number 

Value 

Pneumatic  hand  tools: 

Number 

Value 

All  other  metal  working  machines, 

value 

All  other  products,  value $16,375,95^ 

Amount    received    for    custom 

work  and  repairing $3,271,369 

Total  value  of  all  products $44,385,229 

— U.  S.  Census  Bulletin. 


534 
$1,123,314 


22.890 
S2,77A,9$3 


1,543 
$1.808.»S5 

3.076 
$1,136,350 


4,119 
$2,171,966 

2.846 
$222,563 


10.014 
$880,965 


2.088 
$69S.3t'>2 

6.751 
$143..325 

$2.726.9<>1 


OUR  IKON  AND  STEEL  PUODrCTION. 


Th('  stntenuMU  that  in  ltM)l>  forty 
I)(»r  iLMil.  of  I  lie  pig  iron  in  the  world 
wa.s  pioduced  in  the  I'nito(i  States 
gives  one  no  very  definite  n-alization 
of  the  (juantity  of  that  product,  thongh 
he  be  reminded  on  ev<M'y  liand  l)y  iron 
and  steel  sliips,  Ijridges.  railroads, 
buildinirs.  macliinery.  tools.  nails, 
tacks,  ete.,  ad  naumatn,  that  this  is 
the  iron  ag<».  Even  the  staffinent  that 
the  I'nited  States  last  year  mined  over 
thirty  million  long  tons  of  ii'on  or«' 
gives  one  no  arhniuate  impression  of 
the  vastness  of  tliis  amonnt.  On  the 
other  hand,  if  onr  should  see  the  entire 
iron  or»>  production  of  th(>  year  piled 
u])  in  a  single  hoa]),  he  would  readily 
coniprclnMid  this  cpuintity  by  a  (.'om- 
I)ari<<()!i  (if  the  pilr  with  faujiliar  r)l»- 
jet'ts  in  tlie  landscape.  This  shows  us 
that    it    is    laige    numbers    instead    of 


large  quantities  which  confuse  the 
mind  ;  for  example,  the  statement  that 
a  wagon  holds  over  30,0()0.(KM)  grains 
of  coal  would  give  a  person  a  very  hazy 
idea  of  the  actual  quantity  si>e<Mfie(i. 
but  he  would  immtnliately  comprehend 
the  (jnantity  if  told  that  it  repre.senr- 
ed  two  tons :  for  a  larger  unit  of 
weiirht  would  be  used,  thereby  reduc- 
ing the  count  to  a  figure  well  within 
the  mental  grasp.  Tlius  in  trying  to 
represent  to  our  readers  just  how  largo 
ar(»  the  quantities  of  materials  used  in 
tlie  iron  and  steel  industrj*.  we  have 
endc.ivored  to  choose  larger  units  of 
measurement;  and  finding  that  our 
standard  measures  are  far  too  small 
for  the  i)urpose.  we  have  resorted  to 
the  use  of  familiar  landmarks  as  bases 
of  c<)mparis<m. 

As  a  unit  of  bulk,  no  larger  single 
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has  man  producetl  than  thn   ' 

old    pyramid    ut    Cneupti.    and     largu   t 
though  It  be,  it  is  nil  too  tiinail  wheu 
iisei]  as  a   unit  )>>-   wiiidi  to  measure 
the    BhiiwuilouH    volume    of    miilerlal 
uiieil  in  our  pig-iron  production  of  n    ' 
single  year.     In  tlie  nit-omiuinying  il-   . 
luatratioii.    the     huge    blant     funiai^ 
tthown  at  the  left  reprewntH  a  furnac-e   ' 
whii'h  would  n>n>lve  nl  a  Hingle  charae   [ 
all  our  iron  ore  production  during  the 
ypBi'  IIMIS.  loeether  with  the  fnel  and    | 
linn-HronP  used.     The  charge  meaBurot 
approiimalcly   two   billion  cubit-  fePt,    ! 
or  to  use  our  proponed  unit  of  bulb,   I 
thii   would   lie   equivalent    to   twenty-   I 
four  pyramiilM.     As  mniiy   individualM   | 
oiay  linvp  formed  no  adnqimte  conii'i)- 
tion  of  Ihe  nize  of  tlie  (Jrent  Pyramid, 
wc  hare  iiai-d  na  an   nilditiiuial   iMinis 
of  conipariMiu  the  talleat   liuildiug  in    I 


umn  400  feet  aquare.  the  column  wauiil 
reaih  an  altitude  of  U..''ilN>  feet.  Xm 
linnian  monument  ia  large  enough  !•• 
give  ua,  by  compariHon  with  tliin  t-ol- 
umu,  any  idea  of  aucli  a  heiKlii.  If 
the  bam-  of  the  colurau  were  iiiiuainl 
at  aea  level,  a  pcnion  at  the  top  iiHiliI 
look  down  on  Ihe  aummit  of  Moant 
WaHhingtun,  N.  II..  and  it  would  over 
top  every  mountain  iu  this  couuirj 
eaHt  of  the  Uo<'kieii. 

Our  (.-olumn  of  i-oal  incluiles  huili 
anthniHte  and  bituminous.  In  ilit 
last  two  .vpnm  there  haa  lieen  a.  eao- 
siderable  falline  off  in  the  ime  of  an- 
thracite, while  bituminous  coal  inii"f 
with  coke  has  ahown  a  great  Increav 
over  former  yenm.  so  that  our  cnlumn 
would  prolMibly  be  made  up  of  Iwu 
imria  liituminuua  to  one  part  aiiilin- 
(rile  conl.     Their  combined  bulk  wmilil 


noni'CTS    K.)i{Mi-;i> 


form  a  i-olumn  2tKI  feet  square  l^f 
i;UH)  fp>'t  high— 0  midtccl  in  cumiwrl- 
«i)n  to  the  coke  column,  but  uo(  <■> 
imall  after  all  when  compared  wiib 
the  I'aik   How   Building. 

Ciiiirconl,  whioh  ia  the  atuallest  ilrai 
in  Till'  ftii'l  HiatiHticH  for  irKU.  or  about 
(inc-llfth  of  Ibc  number  of  Ions  of  I'oal. 
yet  forms  a  colunui  n<-nrly  two-thiHn 
the  hiighl  of  the  coal  cnhimn.  or  twirr 
iliat  of  thi<  Park  Row  Ruildiug. 


INI.dtNi  tuns.     Thia  would  make  i 

Ml  .'..'(III)  f(vl  high,  with  a  i-ra*'- 
11  -JfHt  fc.-i  siiuare.  It  may  lie  in- 
inn  to  mile  here  that  oyster  shell* 
isi-d  in  iin.'  of  the  furnaces  in 
liitid  ill  nhiti'  of  limestonp. 
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nxm  ORE. 
The  next  colQinn,  which  ia  ot  a 
^iichi  equal  to  that  of  tbe  coke  col- 
-  ---  composed  ot  34,636,1:21  toDit 
)r«.  However,  this  represents 
bulk  only  ODe-quarter  that  of  the 


I  ii 


into  slecl;  14,947,200  tons  represeiit 
the  totol  outpot  for  last  fear.  Of  this, 
0,138363  tons  were  made  by  the  Bea- 
semer  proi-ess.  S,687,729  by  the  open- 
hearth  process,  and  121,158  tons  were 
crucible  dteel. 


All  the  above-mentioned  materials 
ere  UKed  last  year  to  produce  17,- 
n,307  Cods  of  pig  iron.     This  makes   ' 

column  twice  the  height  of  the  Eiffel   i 
otver.  the  tallest  monument  to  humau 
[ill  ID  the  worM.  | 

BTBEt. 


FINISBEO  PB0DVCT8. 

Of    the    Sniehed    products    (or    the 
year,    2, IM  7,1)33    tons     represent     the 

nmount  of  iron  and  steel  formed  Into 
rails.  If  all  this  metal  were  rolled  into 
a  single  rait  of  standard  proportions,  It 
would  measure  aiiproiimately  81  feet 
high,  and  would  be  about  a  mile  and 
flflb    long.     The    base    would, 


I  nne-nfib  long.  The  base  would,  ol 
The  larger  part  of  the  pig  iron  pro-  I'ourse,  equal  the  height,  and  the  tread 
action  of  this  country   Is   converted       would  have  a  width  of  43  feet.     In  our 
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illitHtratlon  we  liavc  iibonn  the  relatiTO 
liroiiorrloiiM  of  u  locamotiw  of  average 
size  |>la(i-<l  on  tliix  i'hU. 

Nest  in  guHUtily   to   the   iron  and 


i:.ij,yrUiht,ntll,l.yMuiii 
I'lHll'ORTION      (IK      KlNliSIIKI) 

I'l.cri-a     RiuMiiU     intu     plat! 

AND    SIIEETS. 


steel  rail  production  Is  last  year's  oat- 
put  of  plates  aud  Bhet-tb ;  li.iUJ^j.iuO 
[0118  of  metal  were  thuH  (.■oiiverie'l 
i'hia  amciiiut,  if  rolied  iDto  a  sinei!> 
sheet  of  No.  30  stsDilard  gage,  wliic-li  a 
tlie  tiiiuDest  sheet  steel  Lvmuifivisll.v 
used,  would  (.'Ovt^r  42U  equare  miles,  ur 
nearly  twenty  times  the  area  of  Ihr  Lsl- 
id   of   Maalinilai 


this 


IHUHt 


BtlMl     i 


i.viuK  sketch  jiian  of  Xew  York  i-i( 
lud  its  vieiuit}'. 
The   prwIiK-lioii   of   nails    forms  n 
II  jiart  of  the  Sni<9hed  produi' 


the    yen 


Wir 


nl.   ■>( 


iK'h  larger  part  of  the  w 
put.  The  loials  are  lO.UKl.lMC  lINt-  I 
poumt  kegs  of  wire  nails  and  l,)Et3.Tli2  ' 
](N>-pouud  keRs  of  I'Ut  nails.  Folhm- 
iug  the  method  in  our  two  pm-iou,' 
compnrisonsi  we  have  n^prrwnteil  twli 
amount  i>y  a  fiingle  duU  of  standar<l 
proportioiiK.  The  nil  nail  would  tun- 
er far  alHivp  tiie  I'^rk  Itow  Biiililiiii;. 
mill  mi  ri  I  IB  nlniUNt  exactly  the  Imsliiof 
the  Wnsliington  .Monument,  wliik-  llii' 
wire  nnit  wujM  rine  to  nearly  dutilil<> 
lliis  lit'iKlit,  overt oppi lie  the  Kiffi'l 
TowiT,  and  fonniiiic  a  solid  i-oluiuii  «< 
metal  .M  feet  in  diameter  and  I.UN) 
I    feet  high. 


iifacliirf  »(  tiirriaxr 

;! 

it  111     St 

le    of    ll 

K'H    pnii'tically    siii> 
•    iiirl.v    M-ttlt>n<.      I 
i'.NJIi  then,  vivn-  7.1 

Ill 

IK 
(-1 

nl      lo 
rk».  H'>iR 

-•■uniKrsl  and  lh<-  m 

of 

mm 'Till  1 

ii«'d  wHi  STiiWiTil,"" 

CARRIAGES    AND    WAGONS. 

he  \  vorniiie,  ami  wliere  also  the 

the  I  niilroiid      systems      afford      almiidntii 

-,^  :hi>  ineanH   of   irnnsiiortntion.      Tlie   h.iiiii' 

-'eifiu''  '  '■"I'"'   develoiinient   of    the  iiiiliislry   is 

PllK,-  ■  ^,,|,  i„  (iiriain  of  Ihc  Southern  State*. 

ililoy-  I  „„,.],  a^  Xorth  Caroliiui.  TeDnesnee 
ii-ink 


A'intiuln,  when-  liunlier  is  I'lieap  ami 
when'  manafactures  are  faxl  eainiuK 
iiiiliiHlrial  predominaniv.  The  inrrensr 
ill  Mniwachllaetta.  New  Jerse.v.  New 
York  and  I'eiinsylvniila  ia  due  iiartly 
Id  the  RruwiiiR  use  of  the  automoliile. 
to  till'  iliminisliinK  us''  of  the  Idoyrle, 
unci  iimlerially  to  the  mori'  perfii-I 
wu-ri'iiHi ion   of   the   "fnelory    iiro.liiit" 

uiii'k  niici  I'l'iiairiug." 


I'ltO.N'OfiitAPUS 


AND    TAT.KIXG     MACHINES. 

ilili^h-   1141  ,i:i)iiri<'<l  officials  and  <■ 
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VALUE  OF  EXPORTS  OF  AGRICULTURAL  IMPLEMENTS.  ISW  TO  l»00.  INCLUSIVE. 

Cnivilrin  and  CJv~«>. 

1»B. 

1807. 

IS93. 

J»M. 

,«^ 

A(gtpga(c 

tS.I76.T7J 

U.3«,»<d 

*7.iiog.r32 

112,132.187 

3.2I2.1M 

3.117,118 

5.S00.6M 

S.U13.330 

SM.ST7 

If 

m.m 

22S.3D1 
B8B.M9 

l,lW.Mi 

"is 

«0.87§ 

1.B7S.S6J 
].»U.RIVi 

Sfi3.47<l 
IJH0.OSB 

914.9G2 

1.588:889 
1,«S.41I) 

w 

ItiMia 

IS 

1.315,178 

Arpentina. 

^      All  other  colmtriw. 

P|a«r»,  cultivauira.  Mid  pan*  of  nine; 

Frmn™ 

Is 

S 

l.ai7  748 

11.200 
3.129 
36.142 

3e:s27 

3]5.0)» 
I.S22.m 

Ii 

BIS:479 

1,181.817 

38.898 

as 

307,480 

ii 

l,832,M7 

l»,IV7 

rmt«rkiiid™:;;;::::::::. 

fiSt:ilti^™i„i. 

388.903 

All  ulher  eountrie*. 

2,077.288 

2UMt 

1  1,11)5 

2!819 
11S.S72 
SM.WK 

iio!u2 

1J7.7DI 

1l!7;474 
t23.094 

41,689 

Ii 

if 

1 

Anwniins 

Briti-h  Au-trala-ia 

|S 

nited  8lat»  Traanury  Department;   Report  oi 


M.I.E  OF  IMPLEMENTS  ( 


FARMS.  BY  STATES  AND  TERRITORIES.  190a 
lueof        j  Value  of 


New  Meiico. 

::;!    iSffi 

...            M.OOA.OOO 

'.'.'.■         l.»B3!2ID 

jift"? 

Penn^.ylv«n« 

|{h..le  I^laixl 

^     sn,9i7.24n 

«Vimi.iB 

&ky:..-.:;:::::::- 

:;::    iS:?SS 

■■;■■!  1i-i 

i        9.91l,W0 

'.'.'.'.'.■     2ii!3a7;oi(i 

SS^"'-':- 

...1        9.55<l.sn5 

800 


SCIENTIFIC    AMERICAN   REFERENCE    BOOK. 


SUMMARY  OF  PROGRESS  OF  THE  UNITED   STATES 
Compiled  from  "Territorial  and  Commercial  Expaniuon  of  the  United  States." 


Area,  Population,  and  Industries. 


Area  and  Population: 

Area* 

Population  • 

Per  square  mile  ' 

Wealth: 

Totals 

Per  capita 

Public-debt  Statement: 

Public  debt,  less  cash  in  the  Treasury  ^ 

Per  capita,  less  cash  in  Treasury 

Interest-bearing  debt  • 

Annual  interest  charge 

Per  capita 

Coinage: 

Gold  coineti 

Silver  coine<l 

Commercial  ratio  of  silver  to  gold 

Monet  in  Circulation: 

Gold  in  circulation  ^ J_ 

Silver  in  circulation  ^ \ 

Gold  certificates  in  circulation 

Silver  certificates  in  circulation 

United  States  notes  (^eenbacks)  in  circulation . 

National-bank  notes  lu  circulation  (October  31). 

Miscellaneous  currency  in  circulation  ^ 

Total  money  in  circulation 

Per  capita 

National  Bankh: 

Reporting  nearest  June  30 

Capital 

Ix)anH  and  di?*oounts 

Hank  Clrakinos: 

New  York 

Total  United  States 

Bank   Dkposits: 

National  bnnk<«  (inflividual) 

Savinscs  banks 

State  hanks 

l^ian  and  tnist  companies 

Private  banks  ^^ 

Total  V)ank  dcpfK-its 

Deposit i>rs  in  savinK>  hanks 

(JoVKRNMKNT    HkCKIHTS: 

Net  ordinary  '* 

Customs 

Internal  revenue,  ...  

(i«>vKi{N.Mi:\T  Exi'KNwinKrs: 

Not  onlinary  '* 

\yiir 

Navv 


In 


1800. 


Sq.  miles. , 
Number.  . 
Number.  . 


Dollars. 
-Dollars. 


827.844 

5,308.483 

6.41  i 


1850. 


I 


Dollars . 
Dollars . 
Dollars . 
Dollars . 
Dollars . 

Dollars . 
Dollars . 
Dollars. 


82.976,294.35 

15.63 

82.976.204 

3.402,601 

0.64 

317.760 

224.296 

15.68 


2.980.959 
23,191.876 

7.78 

7,135.780.000 
307.69 

63,452.773.55 

63.452.1-74 

3.782.393 

0.16 

31.981.739 

1.86A.100 

15.70 


Dollars "  16,000.000    «  147.395.456 

Dollars ....    

Dollars 

Dollars 

Dollars.  .  . 
Dollars.  . 
Dollars.  .  . 
Dollars.  .  . 


Number. 
Dollars . 
Dollars . 


10.500,000 

26.500.000 

5.00 


131.3t>6.52() 

278,761.982 

12.02 


Dollars 
Dollars . 


Dollars. 
Dollars . 
Dollars . 
Dollars . 
Dollars . 
Dollars . 
Number. 


43.434.130 
10*».5S«'».595 


Dollars 
Dollars 
Dollars 


I 


en^i«»ns 


Dollars. 
Dollars. 
D«)llar^ 
Dollars 


10.848.749 

9,080.933 

809.397 

7.411.370 

2,hm,H79 

3.448.716 

64.131 


25I.3.'>4 

43.592.SS9 
39.66S.6S6 


37.U«.W»0 
9.HS7.025 
7.904.725 
l.SM.v^rt 


'  ICxrlu-»ive  of  Alaska  anti  island**  helonsine  to  the  l'nitft<l  States. 

2  No  iifHi'ial  liKute>  in  «»ther  than  (•en>*us  year.-. 

•'True  valuation  <ii'  real  and  per^^onal  property. 

^  Kstiniated. 

*  IS(>0  to  1S40.  out-tan.ling  principal  of  the  public  debt  January  1;  1850  to  1855,  out- 
stainlinK  principjil  of  the  puhlif  AtAti  .hily  1. 

•'  I'ijjjuro-  for  thi'  \<";ii''  1S(M)  to  l.S.V)  include  the  total  public  debt. 

"  (lold  and  -ilvor  lannot  he  .«-tnted  ■^ej)arately  prior  ti>  1S7(».  From  1862  to  1875,  inclu- 
sive, RoM  and  >il\«.T  were  ri<»t  in  circuhition  except  on  the  Pacific  coast,  where  it  is  ei^ti- 
tnatcfl  that  flic  M\cr:»u«'  «oecie  circulation  w.M'^  ahMut  .*2.'),000.()()0,  and  this  estimate  is 
continued  f«)r  tin*  thrco  follnwing  years  uniler  the  head  of  K'»ld.  After  that  iteriod  gold 
uvi-  flviiiJahle  for  circulatuin. 
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[  ITS  AREA,  POPULATION.  AND  MATERIAL  INDI'STRIES. 

'ued  by  tLs  Bunau  of  Statiilics.  Dsputment  of  Commerea  anil    l&lMir. 


1860. 

IS70. 

1880. 

1800. 

'  ■«•■     t 

1003. 

3,025.000 

=sss 

3,0M,«0I 

3.a25.60( 

Ta!303!387 
25,2! 

«™ 

16.m.015.0<« 

„.»,,>,...« 

4Z.MZ.OO0.OOI 

65,037,091.000 
1,038,57 

.04,300.0.0.0001 
1,235.80 

sg.9M.402.01 
t4.M03» 

1.019,326.747.71 

1.723.M3.i0( 

™'^f5j 

890.784.370.M 
T25JI3.ili 

1.107.71 1.2  7.89| 
1,023.47  .seO' 

825,011,637.11 
0.32 

"'^ 

U3J»,2a* 

""■"Is"?; 

20,407,183 

ssa 

4S,«81.B71 
38.10 

•  228.304,7751  15,000.000  j 


374.258.023 
1 10.31 1.3U 
130,830.858 


I         427.235.701  4 

710.341.180  0 

'    27.804.530.400     37,1 


2.128.621     37.600.08 


58.845.270.505 

833.701.034       1.521.745._._ 
810.106,973       1,524.844.500 


010.80 
142,050.334 

4O8!40.<571 
313,071,-  - 
300.115, 

2.055JJ0iM8 


3.732 


i4.582,450,< 


60.056.755 
1 1. 5141650 


105.059.834 

104,538.374 
184309.750 


182.867.2351 

2.134.234.8611 

2.335.582. 

333.526,501 1 
188.522.065 
124.009.374 

1 19.090.062 


to, 592; 


4.035 .622. 914 
4,258.893 

403.080,9831 
229,688.585; 
142.008.700 

201,037.203 
44.582.838. 
22.000,206 

106,936.855 


736,282.     1,814.570.103 


447.553.458 

134, 774. 768 
.M.053.0-S 


y  1803  [c      -     ^ 


"  "Net  ordjai 
lax,  public  luiili,  ■ 

ind  "mi«fil^ww?''™urdrnDt'^lwl. 
>r  pubUii  debt,  or  ezpuidilum  lor  poaUl 


Dk*  rrom  1875  In  1882:  tnini  188! 

[unlflil  at  ODe-fourth  iif  (nlal  privale 

rip''"  include  receipts  from  cuntoi 

imIliinKiui, "  but  do  not  include  rei 

'  "    •     "      DepartKMnf 


■t|»nditurB»  for  war,  N»vy.  loiliana.  pen™>n», 
papnent*  (ot  intend,  tiremiunw.  or  ^w^iou 


Pn&r^ 
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SUMMARY    OF    PROGRESS   OF   THE    UNITED    STATES  IN  ITS 


Area,  Population,  ami  Industries. 


Dollars . 
Number. 

Dollars. 
Dollars. 

Dollars. 
Dollars . , 


Dollars , 
Dollars . 

Dollars . 
Dollars. 


Dollars . 
Ik>ilars. 


Government  Expenditures — Continued. 

Interest  on  public  debt 

Pensioners 

Imports  of  Merchandise: 

Total 

Per  capita  * 

Exports  of  Merchandise: 

Total 

Per  capita  * 

Imports  of  Gold  and  Silver: 

Gold 

Silver 

Exports  of  Gold  and  Silver: 

Gold  « 

Silver  » 

Imports  for  Consumption,  Grouped  According 

TO  Degree  of  Manufacture  and  Uses: 
Food  and  live  animals 

Per  cent  of  total 

Crude  articles  for  domestic  industries 

Per  cent  of  total 

Article  manufactured  whollv  or  partially  for  use 
as  materials  in  the  mecnanic  arts 

Per  cent  of  total 

Articles  manufactured  ready  for  consumption . . . 

Per  cent  of  total 

Articles  of  voluntary  xiae,  luxuries,  etc 

Per  cent  of  total 

Total  import* 

Domestic  Merchandise  Exported,  Groiiped  Ac- 

cokdino  to  SmiRCEs  of  Production: 
Agricultural  oroducts 

Per  cent  oi  total 

Manufactures 

Per  cent  of  total 

Mining 

Per  cent  of  total 

Forest 

Per  cent  of  total 

Finheries 

Per  cent  of  total 

MiHcellaneous.  . 

Per  cent  of  total 

Total  domestic  export.** 

Imports  by  Grand  Divisions  of  the  World:  < 
Europe 

Per  cent  of  total 

North  America Dollars . 

Per  cent  of  total 

South  America Dollars . 

Per  cent  of  total 

Asia Dollars . 

Per  cent  of  tf)tal 

Oceania  * Dollars . 

Per  cent  of  total 

Africa Dollars . 

Per  cent  of  total 

Exports  hy  (jrand  Divisions  of  the  World:*.  . 

Europe Dollars . 

Per  cent  of  total 

North  America Dollars , 

Per  cent  of  total 


In 


Dollars . 
Dollars . 
Dollars . 
Dollars . 

Dollars . 
Dollars, 
Dollars . 
Dollars , 
Dollars . 
Dollars . 
Dollars . 
Dollars , 


1800. 


3,402,601 


91.252.768 
17.19 

70.971,780 
13.37 


25,590.534 

80.37 

2,493.755 

7.83 


2,228.863 

7.00 

1.098,511 

3.45 

429.240 

1.35 

31.840,003 

46.857.960 
51.35 

32,116.092 
35.19 


11,560.810 

12.67 

142.969 

0.16 

551.496 

0.60 

41.348.088 
58.26 

27.208.618 
38.34 


1850. 


3.782.393 


173.509.52f> 

7.48 

144.375.726 
6.23 

1.776.706 
2.852.086 

4.560.627 
2.962.367 


32,718.076 
18.86 

18.105.147 
10.44 

30,857.522 
17.78 

65,887,552 
37.97 

25.941,229 

14.95 

173.509,528 


108,605.713 

80.51 

17,580.456 

13.03 

167.090 

0.12 

4.590.747 

3.40 

2.824.818 

2.10 

1.131.409 

0.84 

134.900.233 

124.954.303 

70.14 

24.136.879 

13.55 

16.647.637 

9.35 

10.315.486 

5.79 

1.401.340 

0.79 

682.151 

0.38 

113.862.253 

74.96 

24.722.610 

16.27 


'  BuHcd  on  totiil  imports  to  iSiiO;  after  that  i>n  imports  for  consumption  only. 

*  Based  on  total  export?*  to  IStK);   after  that  on  domestic  exports  only. 

3  Gold  and  silver  cannot  be  .separately  .•stated  in  domestic  exports  before  1864,  but  it 
js  ))rol>ahIe  that  the  greater  portion  of  the  exports  was  gold.  Gold  and  silver  containetl 
w  ore  are  include<.i  under  gold  and  s»\\ver  i<\t\ce  \VW4. 
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uea 

187* 

1880. 

1880. 

1000. 

1903. 

3,144.1»1 

1W.2M.*98 

9S.7S7.S73 

30,0»B,28< 

10180  333 

2S.SS8.340 

g.63fl 

19S.6M 

2Sojm 

'n3!s2i 

eoa.ss5 

8,13.810.111 

43S.1»S8,*08 

9S1.7*« 

789.310.101 

819.941.18^ 

710,337 

11.0« 

t2.il 

I2.S4 

SSa,ST0,O67 

382,771.788 

fl3S.flS« 

8S7.828,»S4 

1,394.483,08: 

1,410 

141 .079 

ib.ii 

I3.S0 

17.32 

2.S08,T8( 

IZ,05«.BSa 

7S8.398 

12.043,3*2 

t*,S73.184 

11,362.229 

v. 

27S.91* 

11.032,984 

3S:236;3ffi 

1< 

103:491 

3J,63S.M2 

i 

tS.2«fi,7S9 

47 

0S0.S05 

S.100'.1M 

lUI».70t 

S03!bO- 

u'.sn',iai 

Bfl.712,!7S 

78.MR.SI4 

130.213.092 

199 

1I!S.903 

288.000.040 

218.107.303 

212 

0S7.203 

K.I1 

m.O! 

BI,S70.*77 

e«.«OB.S« 

lao 

DSfi.87i 

178,43S,5li 

209.3tl.03: 

034.203 

17.41 

1S.N 

2S.S3 

23.00 

38.00 

3i.8M.Uil 

S3.m.X6 

lSfl.9fl3 

g*.700,Bag 

80,57S,0*2 

97 

194.001 

».03 

I2.SS 

il.Ofl 

10.94 

9.7< 

123.7*1, 6S4 

il9.298.23B 

130 

DOlfllJ 

1S1.489.3S4 

109 

259.497 

SS,(W 

27.08 

5»,02S.fl2 

*7.2Bfl.8!2 

UI.S2i 

107.*flS,7»l 

103 

908,711 

81t.g33 

Li.m 

10.38 

13.91 

14.47 

lS3.fil8.11 

12fl.31fl.0IO 

027 

SSS.271 

771,074311 

830 

S19,2S2 

1.007 

960.110 

lS6.M0.B7a 

381,188.*S3 

961.091 

829.820.808 

88S 

858,123 

873 

322  882 

81.13 

71.SI 

00.91 

4D.34S.B9: 

Hi 

102 

gsn.oii 

151.102,37! 

433 

8S1.7S. 

407 

5!«.isg 

19.28 

"•bl! 

s,mfl.iii 

1.10 

803,23: 

1!. 197.731 
1.44 

37 

;4| 

311.239 

1*,897.983 

17 

32l°26t 

M,173.0S' 

838.896 

S.3» 

3.27 

*.IM.*S0 

2,»38.SOS 

.2SS.10: 

7,»S8.S8) 

0 

320.821 

7 

80S^38 

1.31 

0,04 

0.8) 

0.41 

2.080.SI2 

0 

8S9,3*i 

429,588 

i.2! 

0,M 

CITS' 

010 

3ie.242,«I3 

*S5.W«.31l 

323 

B4S.3S: 

816.193,828 

1,370 

703.5  1 

1,392 

231,302 

ZIS.g31.JS3 

370 

*40 

M7 

220,887 

'    sias 

si.8i 

S3. 38 

7!.08J^ 

12B.SM.81 1 

077.22i 

1*8.308,70( 

130 

036.221 

20.73 

19.*: 

3JS.WI.7IB 

*3.S»fl.W! 

S2 

90.0011.1 14 

93 

107 

41S.313 

9.  1 

11.4: 

li.o: 

10.48 

M.201.W! 

3i.*i3.rs 

008.™ 

07.JOfl.S3! 

139 

M2.i3( 

7.1* 

10.02 

3.*1I6,22« 

i.*a3.2  : 

■1* 

130.flO< 

28.3Sfl.SA» 

31 

21 

043,327 

o.«a 

C.  1 

3.00 

i.o; 

2.05 

S.71«^li 

'9JM.0M 

3,321,471 

l.OB 

2.  0 

O.S« 

SI0.272.gia 

120.1M.01* 

7T» 

083,738.397 

1,010 

107.783 

1,019 

250,857 

77.S* 

79.SS 

79,71 

H.K 

«.326^M7 

es.Mi.oor 

69 

'"S! 

94. 100.4  K 

187 

$94.02: 

*^fl% 

*  In  1870  specie  la  Inclurlect  ia  lol 
'HxnuisD  hlsDEJB  not  JDipliidcd 
•Inoliidaa'  .111  ntlier  Spa.ni>b  pc 
'  IndndM  "All  other  countriea. " 


(eluded  in  hdlowinc  yean. 


SCIENTIFIC   AMERICAN   REFERENCE   BOOK. 


SUUMARY  OP  PROGRESS   OF  THE  UNITED  STATES  IN  ITS 


SCIENTIFIC  AMERICAN   REFERENCE   BOOK. 


1880. 

18-a 

ISBO. 

1890. 

,»., 

,™. 

18,7«.ll» 

21.811 ,1» 

23.1)0.221 

M,7S2,84I 

38  B4S  -83 

41.137.8  t 

-*■'! 

4.00 

3.90 

10.972,084 

iti.OBn.Na 

64.913,80; 

58.35).a  0 

1.07 

2,30 

4.81 

4.  1 

6,373.11t7 

4.3H.M] 

'Il.840,e0) 

16.480,28) 

37.468.5  1 

1.U 

3.84 

3.M7.7H 

1 5.084,481 

4.813,70i 

1B.48B,84( 

38.438.853 

■0,S4 

0.64 

0.81 

0,54 

1.79 

238.IM.&V 

ISS  237  077 

14)317  3BS 

124  )48  )4S 

io4.ia4.)4o 

123,888.832 

301)1  I40isi{ 

m4e4:Bi: 

8h;74o;I0I 

701.223.735 

835:844.210 

3e2.m.3Si 

482,377.487 

8S2.812.28; 

748.68).04(l 

805.528.87! 

)59,SI  1.043 

a.o 

38.1 

18.7 

13.) 

40.821.36; 

88,208.195 

3«I.tM,2M 

■482,377,587 

807!bS4!74« 

849:b4I;184 

1,025:7I):237 

27».C«Z,«tt 

HM.732.J2( 

10).02).20l 

77.502.1M 

90  77B  252 

91.028.100 

747, 378,844 

l.l93:Z2a!68l 

1.190.263.178 

mmiwa 

'"'""^ 

««''"if' 

824.878.78! 

1.2««.99).B41 

i:28i:mo:378 

5,S]8.)2) 

3£.)4B.96; 

110.483.Mi 

i.K:fi 

■  wo'.iii.Mfl 

■       8»,Sili.M2 

M.33S.BSI 

47  484  000 

88  503  130 

62.87<t,fi88 

2.19S,B39 

Sfl.310.SSA 

1*;  138:42? 

Miasilii: 

71.20l.B44 

1  2.195.555 

231,110.088 

281, 048.81: 

459.BI7,153 

510.428.893 

537.237.282 

SO.M7.B7B 

393.580.0)1 

349.051. 7B: 

5  8.834,471 

505:829:694 

1.808.002 

S9:b95  431 

lolm!  1( 

4B;e49;ttB: 

S7:410;flS: 

8.408.031 

73..53l.)68 

B.781.MU 

1«,5  2.  a 

lB.B45.n81 

13.140.20i 

0.045.271 

27.803.187 

ll.»4O.I0( 

14,9  0.  3! 

70.353,581 

81.704.497 

14.3-7,471 

I4!858!iel 

7;490;81: 

28.880.744 

losawlsii 

107,S(t8.0ii 

108.128,891 

1  5.858.784 

149.072.519 

7.387.018 

13.9S2.S4g 

35.221.751 

48.7S1.223 

47.869.82) 

38.464,383 

4.Se8,090 

13,W1,78I 

32.JSS,)2g 

38.873,091 

40.388,^8 

33.501.616 

2,lt».S8E 

l.OOM.BO? 

4.584.841 

5.730,657 

...       ■  .  '.  . 

6)22.471 

7.713.875 

8.M5)2. 

10:438:211 

-.flMi.4es.oao 

•R.B44.(IS7.-4fl 

L2.1«l.,Wl.,'iJK 

18.082.287 ,880 



•  l.«$ll,030.B27 

2.2I2,540.B27 

2.480.107.454 

'a:7S4:in:7oi 

1.08g.32B.»1S 

1.524,1180.14) 

l,S76,BI7.5i. 

2.m.7at,.(m 

2.228.123.13. 

3.102.51S.S40 

zs.ai«.oio 

2S.4g4.1D( 

33.2S8.000 

52.801.90; 

81.764.433 

fl.M9.l74 

11.201,801 

18.567,373 

12,17 1.I7S 

40!833;00( 

40.7  85  .mo 

44;Mfi:07i 

63.964.876 

1.1S1.148 

1.17B.500 

1.729,500 

2.331.027 

2,728,088 

3J,S123»7 

28,7S1.*00 

34.034,100 

31.802,780 

48.)23,821 

80.284.)  13 

ini.ooo.ooo 

232.500.000 

378.000.000 

2«8.03fl.8:i 

287.450.000 

23S.BM.700 

4fl8,54B,H«N 

30),2I12,OOI 

^  522.220.501 

837,821.835 

838. 702, 7  41 

1,0B4.2J.'S,D0( 

1,717, 434. MS 
i.-fil.i.lV. 

"|0::27:5SB 

na.cwn 

*''■'■"" 

"■,i.SII2 

'm'M 

'140:19: 

293.397 

..»«. 

M,M»0.000 

38.000.000 

32.845.000 

7).171.000 

74.425,340 

ISO,000 

in,ooo.oiK 

3).2OO.O0< 

70.48.^71- 

74,533,491 

73,078.106 

1H,513.I23 

240. 780.309 

~  IIMO.WX 

1.924:5S2;22^ 

2.861.233.588 

m.m 

,:«:,:. 

3.835.191 

).202.703 

I3.7S).242 

"    "  i8,0M:iS2 

•Pen™y 

UMis  unthrapil 

tr,7.   enii«™ 

product  from 

1808  to  lt02. 

'Iniddi 

Lion  to  this  it  b 

KlimiHwi  lbs 

10,000.090  hsr 

g  in  and  [>rior 

.  y^'^^ 
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SUMMARY  OF  PROGRESS  OF  THE  UNITED  STATES  IN  ITB 


Area,  Population,  and  Industries. 


Production  of  Principal  Minerals — Continued. 

Steel 

CojPl)er 

Total  value  all  mineral  production  in  U.  S. . . . 

MANUrACTl'RINO   INDUSTRIES  OF  THE   U.  S.: 

Manufacturing  establishments  i 

Average  employees  ' 

Wages  and  salaries  paid  > 

Value  of  products  * 

Manufactures  of  Iron  and  Steel:  ^ 

F>tablishments 

Wages  and  salaries  paid 

Value  of  products 

Imports 

Exports 

Tin  Plates: 

Imports 

Production 

Manufactures  of  Cotton:* 

Establishments  * 

Wages  and  salaries  paid  * 

Value  of  products  ' 

Exports 

Imports 

Cotton  Movement: 

Domestic  cotton  taken  by  United  States  mills .  .  . 

Exports  of  domestic  cotton -j 

Raw  cotton  imported 

Manufactures  or  Wool:^ 

Kstablishments  '.  .  .  .  .^ 

Wages  and  nalaries  paiti  ' 

Value  of  products  • 

Imports 

Raw  wool  importe<I 

Manufactures  of  Silk: 

Kstabliinhments  * 

Wages  and  salaries  paid  • 

Value  of  products  • 

Imports 

Haw  Hilk  inii)<)rted 

IinitortM  of  crude  nihbor 

.SiiJAu: 

Imi)orts - 

AverftRe  cost  per  pound  in  foreign  countries,  .  .  . 
Wholesale  prices  <if  granulated,  at  New  York.  .  . 

Total  consmnption 

CT»nMunii)tion  per  capita 

C'offkk: 


In 


Tons... 
Tons.., 
Dollars. 


Number. 
Number. 
Dollars . 
Dollars. , 


Number. 
Dollars . 
Dollars. 
Dollars . 
Dollars. 


Pounds.  . 
Lbs.,  net. 


Number. 
Dollars . 
Dollars . 
Dollars . 
Dollars 

Bales. . 
Pounds 
Dollars 
Pounds. 

Number 

Dollars 

Dollars 

Dollars 

Pounds. 

Number 

Dollars 

Dollars 

Dollars 

Pounds 

Pounds 


Pounds. 
Dollars . 
Cent.H... 
Cents... 
Tons. . . 
Pounds. 


Imports. 


Average  imi)ort  price  per  pound  jit  New  York.. 

Consumption  per  capita  " 

Tka: 


Pounds. 
Dollars . 
C«nts.  . 
Pound.s. 


Imports. 


Average  import  jirice  per  pound  at  New  York, 

(\)nsumption  i»er  capita  **• 

Kailw.vyh: 

In  operation 

Pa.ssengers  carrieil 

I'Veight  carried  one  mile 


Pounds. 
Dollars. 
Cents.  . 
Pounds. 


Miles.  .. 
•Number. 
Tons . .  . 


1800. 


1850. 


650 


123.025 

957,059 

236.755,4«4 

1,010,106.616 


52.144 


20.145.067 
1,953.702 


61.869.184 

4.734.424 

20.108.719 

595.000 

635.381.607 

71,984.616 

269,114 


1.809.476 
17.639.624 


218.430.764 

7,555.603 

3.46 


239.409 
23.1 

145.272.687 

11.234.835 

7.6 

h.m 

29.872,654 

4.719.232 

14.1 

1.22 

9.021 


'  No  official  figures  in  other  than  census  years. 

2  ISOl,  last  .nix  months. 

^*  Does  not  include  hosiery  and  knit  gooils. 
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i,»s.iu 

3.3I» 


I.tM,T71.Ue 


l,317.3U 

sw.sisiooo 

253.gSS 

z,73Z.S9a 

847,<lfi3.79S 
G.WS.STS.iei 

l.OOi 
.U.4Te.1!tS 

71.2M.6H 
M,7IS.9» 

379.M2.8S0 


31,ISR.fl90 
J.Sfli, — 


BH.TS4 
42  .f 

418,8S0.72; 


III  17.4 


3.924,000 
i.t4a.M3,021 

315.180,418 
74,874,428 


U,OI0.S71 
4.21B.ia8.10a 


14I.1A3,10I»,413  . 


'  Quaatity  not 


.  *■>■::;..-  .* 


808 


SCIENTIFIC   AMERICAN  REFERENCE   BOOK. 


SUMMARY  OF  PROGRESS  OF  THE  UNITED  STATES  IN  ITS 


Area,  Popiilation,  and  Industries. 


Rail  ways —Continued. 

Frei^t  rates  per  ton  per  mile 

Passenger  cars 

Freight  cars 

Amkrican  Vessels: 

BuUt 

Engaged  in  fordgn  trade. . 

Engaged  in  domestic  trade. 

Engaged  in  commerce  of  Great  I^akes 

Vranelis  passing  throtush  the  Sault  Ste.  Marie  Canal . 
FRBiaHT  Rates  on  Wheat.  Chicago  to  New  York  : 

Lake  and  canid  ^ 

Lake  and  rail 

All  rail 

Consumption  or  Winks  and  Liquors: 
Wines- 
Consumption 

Consumption  per  capita 

Malt  liquors — 

Consumption 

Consumption  per  capita 

EMstilled  spirits — 

Consumption 

Consumption  per  capita. 

Total  consumption  of  wines  and  liquors.    .  . 

Total  consumption  per  capita. 

Fricbs  op  Staplk  CoMMOomEs:* 

Pig  iron.  No.  1,  foundry,  per  ton 

Bteel  rails,  standard  sectionfi,  per  ton. 

Middling  cotton,  per  pound  1       

Standard  sheetings,  per  yard.  .     

Standard  prints,  per  yard 

Wa»hed  Ohio  fleece  wool,  July  1 — 

Fine 

Medium 

CoarHc 

Commercial  Failures: 

KeiK>rted 

Amount  of  liabilities 

PosT-oFKicK  Statistics: 

Post-offices 

Receipts  of  Po.Ht-office  Department 

Telegraph  iiiessaKes  sent  * 

Newspapers  and  periodicals  pul>Iishe<i.  . 

Public  Suiiooii*: 

Pupils  enrollc<l 

AveraRO  <iaily  attendance 

Salaries  paid  superinten<ients  an<\  teachers 

Total  expenditures 

8Ti;nKNT«       IN       COLLKGEH,        I  ■  NIVKRSITlEfl,        AND 

ScHooLa  OF  Tkchnology: 

Men 

Women 

Total 

Patents  issued 

Immigrants  arrived 


1800. 


1850. 


Cents.  .  . 
Number. 
Number. 


Tons 

Tons 

Tons 

Tons 

Tonnage. 


106.261 

669.9211 

901.919 


279.255 
1.585.711 
1.949.743 

108.266 


Cts.  per  bu. 
Cts.  per  bu. 
Cts.  per  bu. 


Gallons. 
Gallons. 


Gallons.  .. 
Gallons.  . 


Gallons.  . . 
Gallons.  . .  . 
Proof  galls. 
Proof  galls. 


Dollars . 
Dollars . 
Cents.  . 
Cents.  . 
Cents.  . 


6.315.871 
0.27 

36.563.009 
1.58 

51,833.473 
2.23 

94,712.353 
4.08 

20.8S 


Cents.  . 
Cents.  . 
Cents.  . 

Number. 
Dollars . 


12.34 

7.87 
10.02 

45 

37 
30 


Number. 
Dollars . 
Number. 
Number. 

Number 
Number 
Dollars . 
Dollars . 


. 

•       •     ■ 

903 
280.804 

18.417 
5,499.985 

2,526 

Number. 
Number. 
Number. 
Number. 
Number. 


993 
310.004 


1  Including  canal  tolls  under  1SS2,  but  not  Buffalo  transfer  charges. 

2  For  domestic  consumption;   l«jcal  rate  for  exi>ort.s  only  9.0S  cents  in  1900. 

3  At  Philadelphia. 
^  Net  prices. 

»  We5.tern  Union  to  1885;   includes  Postal  Telegraph  l&»i5  to  date. 
''  Figures  from  1870  to  date;  from  Howell's  Newspaper  Directory. 
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LREA«    POPULATION,  AND  MATERIAL  INDUSTRIES— Continued. 


1860. 


8.73 
9.50 

55 
50 
40 

3,676 
79,807.000 

28.498 
8.518.067 


4.051 


4.778' 
«  150.237 


1870. 


1880. 


214.797 

2.546.237 

2.807.631 

467.774 

403,657 

276.953 

1.516,800 

2,729,707 

684,704 

690.826 

24.83 

17.11 
22.0 
33.3 

11.059.141 
0.35 

12,225.067 
0.32 

101.346.669 
3.22 

204.756.156 
5.31 

89.968.651 

2.86 

202.374.461 

6.44 

79,895.708 

2.07 

296,876,931 

7.70 

22.75 

33.25 
106.75 

11.00 

23.98 

12.41 

46 
45 
43 

3.546 
88.242.000 

28.492 

19,772.221 

9.157.046 

•5,871 

6.871,522 

4.077.347 

37.832.566 

63.396.666 


13.333 
•  387.203 


12.788 
544.185 

157.409 
1.352.810 
2.715.224 

605.102 
1.734,890 

12.27 
15.7 
19.9 


28.329.541 
0.56 

414.220.165 
8.26 

63.526.694 

1.27 

506.076.400 

10.09 

28.50 

67.50 

11.51 

8.51 

7.41 

46 
48 
42 

4.735 
65.752.000 

42,989 

33.315.479 

29.215.509 

9,723 

6.867.505 

6.144.143 

55,942.972 

78.094.687 


7  38.227 

13.947 

457.257 


93 

21,664 

1,099.205 

294,122 

946.695 

3.477,802 

1.063.063 

8,454,435 

5.85 

8.5 

14.31 


28,956,981 
0.46 

855.792.335 
13.67 

87,829.562 

1.40 

972.578.878 

15.53 

18.40 

31.75 

11.07 

7.00 

6.00 

33 
37 
29 

10.907 
189.856,964 

62.401 
60.882.097 
63.258.762 

16,948 

12.722.581 

8.153.635 

91.836.484 

140.506.715 


44.926 
10.761 
55,687 
26.292 
455.302 


75 

26.786 

1,350.258 

393.790 

826.694 

4,338.146 

1,565,587 

22.315.834 

4.42 

5.05 

«9.98 


30.427.491 
0.40 

1.221.500.160 
16.01 

97.248,382 

1.27 

1,349.176,033 

17.68 

19.98 

32.29 

9.25 

6.05 

5.00 


28 
31 
2 


10,774 
138.495,673 

76.688 

102.354.579 

79.696.227 

20.806 

15.503.110 

10.632.772 

137,687,746 

214,964,618 


72.159 
26.764 
98.923 
26.499 
448.572 


1903. 


436.152 

888.n6 

5,198.569 

1.902.608 

27.736.444 

5.44 

6.17 

11.33 


39,413,201 
0.49 

1.449.879,952 
18.04 

117,252.148 

1.46 

1.606.545,301 

19.99 

19.92 

28.00 

11.18 

6.25 

6.00 

3U 
3ll 
27 

12.069 
155,444,185 

74,169 

134.224.443 

91,391,443 

20,485 


31.699 
857.046 


'  Figures  for  the  year  1880  are  for  the  calendar  year  prece<ling  the  fiscal  vear,  and 
include  non-resident  graduates;  figures  of  later  years  are  exclusive  of  non-resident  grad* 
uate  students. 

<*  Calendar  year. 

^  Years  ending  June  30  to  date. 
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CHAPTER    XI. 


Thb  Depabtments  of  the  Federal.  Government. 


The  following  is  a  brief  r68um6  of  the  work  carried  on  by  the  Depart- 
ments of  the  Government  service,  and  in  many  cases  the  individual  bureaus 
and  divisions  are  noted.  Information  germane  to  the  work  of  the  bureaus, 
etc.,  is  cheerfully  given. 


THE  DEPARTMENT  OF  JUSTICE. 


The  Attorney-General  is  the  head  of 
the  Department  of  Justice  and  the 
chief  law  officer  of  the  Government. 
He  represents  the  United  States  in 
matters  involving  legal  questions :  be 
gives  his  advice  and  opinion,  when 
they  are  required  by  the  President  or 
by  the  heads  of  the  other  Executive 
Departments,  on  questions  of  law  aris- 


ing in  the  administration  of  their  re- 
spective Departments ;  he  exercises  a 
general  superintendence  and  direction 
over  United  States  attorneys  and  mar- 
shals in  all  judicial  districts  in  the 
States  and  Territories ;  and  he  pro- 
vides special  counsel  for  the  United 
States  whenever  required  by  any  De- 
partment of  the  Government. 


THE  DEPARTMENT    OF    STATE. 


The  Secretary  of  State  is  charged, 
under  the  direction  of  the  Presi- 
dent, with  the  duties  appertain- 
ing to  correspondence  with  the 
public  ministers  and  the  consuls 
of  the  United  States,  and  with 
the  representatives  of  foreign  powers 
accredited  to  the  United  States;  and 
to  negotiations  of  whatever  character 
relating  to  the  foreign  affairs  of  the 
United  States.  He  is  also  the  medium 
of  correspondence  between  the  Presi- 
dent and  the  chief  executives  of  the 
several  States  of  the  United  States ; 
he  has  the  custody  of  the  Great  Seal 
of  the  ITnited  States,  and  countersigns 
and  affixes  such  seal  to  all  executive 
proclamations,  to  various  commissions, 
and  to  warrants  for  the  extradition  of 


fugitives  from  justice.  He  is  regard- 
ed as  the  first  in  rank  among  the  mem- 
bers of  the  Cabinet. 

The  Secretary  of  State  is  also  the 
custodian  of  the  treaties  made  with 
foreign  States,  and  of  the  laws  of  the 
United  States.  He  grants  and  issues 
passports,  and  exequaturs  to  foreign 
consuls  in  the  United  States  are  is- 
sued through  his  office.  He  publishes 
the  laws  and  resolutions  of  Congress, 
amendments  to  the  Constitution,  and 
proclamations  dei'laring  the  admission 
of  new  States  into  the  Union.  He  is 
also  charged  with  certain  annual  re- 
ports to  Congress  relating  to  commer- 
cial information  received  from  diplo- 
matic and  consular  officers  of  the 
United  States. 


THE  DEPARTMENT  OF  THE  TREASURY. 


The  Secretary  of  the  Treasury  is 
charged  by  law  with  the  management 
of  the  national  finances.  He  prepares 
plans  for  the  improvement  of  the  rev- 
enue and  for  the  support  of  the  public 
credit;  superintends  the  collection  of 
the  revenue,  and  directs  the  forms  of 
keeping  and  rendering  public  accounts 
and  of  making  returns;  grants  war- 
rants for  all  moneys  draw^  from  the 
Treasury  in  pursuance  of  appropria- 
tions made  by  law,  and  for  the  pay- 
ment of  moneys  into  the  Treasury ; 


and  annually  submits  to  Congress  es- 
timates of  the  probable  revenues  and 
dishursomonts  of  the  Government.  He 
also  controls  the  construction  of  pub- 
lic buildings ;  the  coinage  and  printing 
of  money  ;  the  administration  of  the 
Life-Saving.  Revenue-Cutter,  and  the 
Public  Health  and  Marine-Hospital 
branches  of  the  public  service,  and  fur- 
nishes generally  such  information  as 
may  bo  required  by  either  branch  of 
Congress  on  all  matters  pertaining  to 
the  toregomg. 
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THE    DEPARTMENT    OF    WAR. 


The  Secretary  of  War  is  head  of  the 
War  Department,  and  performs  such 
duties  as  are  required  of  him  by  law 
or  may  be  enjoined  upon  him  by  the 
President  concerning  the  military  ser- 
vice. He  is  charged  by  law  with  the 
supervision  of  all  estimates  of  appro- 
priations for  the  expenses  of  the  De- 
partment, including  the  military  es- 
tablishment: of  all  purchases  of  army 
supplies :  of  all  expenditures  for  the 
support,  transportation,  and  mainte- 
nance of  the  Army,  and  of  such  expen- 
ditures of  a  civil  nature  as  may  be 
placed  by  Congress  under  his  direction. 
He  also  has  supervision  of  the  United 
States  Military  Academy  at  West 
Point  and  of  military  education  in  the 
Army,  of  the  Board  of  Ordnance  and 
Fortification,  of  the  various  battle- 
field commissions,  and  of  the  publica- 
tion of  the  official  Records  of  the  War 
of  the  Rebellion.  He  has  charge  of  all 
matters  relating  to  national  defense 
and  seacoast  fortifications,  army  ord- 
nance, river  and  harbor  improvements, 
the  prevention  of  obstruction  to  navi- 
gation, and  the  establishment  of  har- 
bor lines,  and  all  plans  and  locations  of 
bridges  authorized  by  Congress  to  be 
constructed  over  the  navigable  waters 
of  the  United  Stat(*s  require  his  ap- 
proval. He  also  has  charge  of  the  es- 
tablishment or  abandonment  of  mili- 
tary posts,  and  of  all  matters  relating 
to  leases,  revocable  licenses,  and  all 
other  privileges  upon  lands  under  the 
control  of  the  War  Department. 

THE    GENERAL    STAFF. 

Tlio  Oenoral  Staff  Corps  was  organ- 
ized under  the  provisions  of  an  act  of 
(Congress  approved  February  14.  1903. 
Its  principal  duties  are  to  prepare 
plans  for  the  national  defense  and  for 
the  mobilization  of  the  military  forces 
in  tinu>  of  war;  to  investigate  and  re- 
port upon  all  <iuostions  affecting  the 
eflici'^ncy  of  the  Army  and  its  state 
of  preparation  for  military  oi)crations  : 
to  render  professional  aid  and  assist- 
ance to  the  Secretary  of  War  and  to 
general  officers  and  other  superior 
commanders  and  to  act  as  their  agents 
in  informing  and  co-ordinating  the  ac- 
tion of  all  the  different  officers  who  are 
subje<'i  to  the  supervision  of  the  Chief 
of  Staff,  and  to  perform  such  other 
military  duties  not  otherwise  assigned 
by  law  as  may  be  from  time  to  time 
prescribed  by  the  President.  The 
Chief  of  Staff,  under  direction  of  the 


President,  or  of  the  Secretair  of  Wir 
under  the  direction  of  the  Fresident, 
has  supervision  of  all  troops  of 
the  line  and  of  the  Adjutant-Gen- 
era Ts,  Inspector-General's,  Judge- Ad- 
vocate-Generars,  Quartermaster's,  Sub- 
sistence, Medical,  Pay,  and  Ord- 
nance Departments,  the  Corps  of  En- 
gineers and  the  Signal  Corps,  and  per 
forms  such  other  military  duties  not 
otherwise  assigned  by  law  as  may  be 
assigned  to  him  by  the  President.  Du- 
ties formerly  prescribed  by  statute  for 
the  Commanding  General  of  the  Army 
as  a  member  of  the  Board  of  Ord- 
nance and  Fortification  and  of  the 
Board  of  Commissioners  of  the  Sol- 
diers* Home  are  performed  by  the 
Chief  of  Staff  or  some  other  officer  des- 
ignated by  the  President.     . 


SOME  OF  THE  MILITABT  BUREAUS. 

The  chiefs  of  the  military  bureaus 
of  the  War  Department  are  officers  of 
the  Regular  Army  of  the  United  States 
and  part  of  the  military  establishment, 
viz. : 

The  Adjutant-General's  Depart- 
ment is  the  bureau  of  orders  and  rec- 
ords of  the  Army.  Orders  and  instruc- 
tions emanating  from  the  SVar  De- 
])artment  and  all  regulations  are  issued 
by  the  Secretary  of  War  through  the 
Chief  of  Staff,  and  are  communicat»Mi 
to  troops  and  individuals  in  the  mili- 
tary service  through  the  Adjutant- 
General.  His  office  is  the  repository 
for  the  records  of  the  War  Depart- 
ment which  relate  to  the  personnel  of 
the  permanent  military  establishment 
and  militia  in  the  service  of  the  United 
States,  to  the  military  history  of  every 
commissioned  officer  and  soldier  there- 
of, and  to  the  movements  and  oper- 
ation of  troops.  The  records  of  all  ap- 
l)ointments,  promotions,  resignations, 
deaths,  and  other  casualties  in  the 
Army,  the  preparation  and  distribu- 
tion of  commissions,  and  the  compila- 
tion and  issue  of  the  Army  Register 
and  of  information  concerning  exami- 
nations for  appointment  and  promo- 
tions i)ertain  to  the  Adjutant-Generafs 
Office.  The  Adjutant-General  is 
cha Tired,  under  the  direction  of  the 
Sh  retary  of  War.  with  the  manage- 
ment of  the  recruiting  service,  the 
con^muiiication  of  instructions  to  offi- 
cers detaih'd  to  visit  encampments  of 
militia,  and  the  digesting,  arranging, 
and  preserving  of  their  reports;  also 


SCIENTIFIC    AMERICAN    REFERENCE    BOOK. 


tlu*  preparatioD  ol  the  annual  returns 
of  the  militia  required  by  law  to  be 
Kubmitted  to  Congress. 

The  Quartermaster-General,  aided 
by  his  assistants,  provides  transporta- 
tion for  the  Army ;  also  clothing  and 
equipage,  horses,  mules,  and  wagons, 
vessels,  forage,  stationery,  and  other 
miscellaneous  quartermaster  stores 
and  property  for  the  Army,  and  of 
clothing  and  equipage  for  the  mi- 
litia ;  constructs  necessary  buildings, 
wharves,  roads,  and  bridges  at 
military  posts,  and  repairs  the  same ; 
furnishes  water,  beating  and  light- 
ing apparatus ;  pays  guides,  spies,  and 
interpreters,  and  is  in  charge  of  na- 
tional cemeteries. 

The  Chief  of  Engineers  commands 
the  Corps  of  Engineers,  which  is 
charged  with  all  duties  relating  to 
construction  and  repair  of  fortifica- 
tions, whether  permanent  or  tempo- 
rary;  with  all  works  of  defense;  with 
all  military  roads  and  bridges,  and 
with  such  surveys  as  may  be  required 
for  these  objects,  or  the  movement  of 
armies  in  the  field.  It  is  also  charged 
with  the  river  and  harbor  improve- 
ments, with  military  and  geographical 
explorations  and  surveys,  with  the 
survey  of  the  lakes,  and  with  any  other 
engineering  work  specially  assigned 
to  the  corps  by  acts  of  Congress  or 
orders  of  the  Secretary  of  War. 


Tiio  Ciiief  of  ()nlnan<e  cummands 
the  Ordnance  Department,  the  duties 
of  which  consist  in  providing,  preserv- 
ing, distributing,  and  accounting  for 
every  description  of  artillery,  small 
arms,  and  all  the  munitions  of  war 
which  may  be  required  for  the  for- 
tresses of  the  country,  the  armies  in 
the  field,  and  for  the  whole  body  of  the 
militia  of  the  Union.  In  these  duties 
are  comprised  those  of  determining  the 
general  principles  of  construction  and 
of  prescribing  in  detail  the  models  and 
forms  of  all  military  weapons  employ- 
ed in  war.  They  comprise  also  the 
duty  of  prescribing  the  regulations  for 
the  proof  and  inspection  of  all  these 
weapons,  for  maintaining  uniformity 
and  economy  in  their  fabrication,  for 
insuring  their  good  quality,  and  for 
their  preservation  and  distribution. 

The  Chief  Signal  Oflficer  is  charged 
with  the  supervision  of  all  military 
signal  duties,  and  of  books,  papers,  and 
devices  connected  therewith,  including 
telegraph  and  telephone  apparatus  and 
the  necessary  meteorological  instru- 
ments for  use  on  target  ranges  and 
other  military  uses;  the  construction, 
repair,  and  operation  of  military  tele- 
graph lines,  and  the  duty  of  collecting 
and  transmitting  information  for  the 
Army  by  telegraph  or  otherwise,  and 
all  other  duties  usually  pertaining  to 
military  signaling. 


THE  DEPARTMENT     OP     AGRICULTURE. 


The  Secretary  of  Agriculture  is 
charged  with  the  supervision  of  all 
public  business  relating  to  the  agricul- 
tural industry.  He  appoints  all  the 
ofticers  and  employees  of  the  Depart- 
ment, with  the  exception  of  the  Assist- 
ant Secretary  and  the  Chief  of  the 
Weather  Bureau,  who  are  appointed 
by  the  President,  and  directs  the  man- 
agement of  all  the  bureaus,  divisions, 
and  offices  embraced  in  the  Depart- 
ment. He  exercises  advisory  super- 
vision over  agricultural  experiment 
stations  deriving  support  from  the  Na- 
tional Treasury.  He  controls  the  im- 
port and  export  of  cattle,  including 
cattle-carrying  vessels,  and  directs  in- 
terstate quarantine  when  rendered  nec- 
essary by  contagious  cattle  diseases. 
His  duties  and  p<)wers  include  the 
preservation,  distribution,  and  intro- 
duction of  birds  and  animals,  game 
birds  and  other  wild  birds  and  ani- 
mals in  the  United  States,  and  the 
protection  of  wild  game  animals  and 
wild   birds  in  the  district  of  Alaska. 


He  is  charged  generally  with  carrying 
out  the  chief  purpose  of  the  Depart- 
ment, which  is  "to  acquire  and  diffuse 
among  the  people  of  the  United  States 
useful  information  on  subjects  con- 
nected with  agriculture,  in  the  most 
comprehensive  sense  of  that  word,  and 
to  procure,  propagate,  and  distribute 
among  the  people  new  and  valuable 
seeds  and  plants.'" 


»» 


THE  WEATUER  BUREAU. 

Hie  Chief  of  the  Weather  Bureau, 
under  the  direction  of  the  Secretary  of 
Agriculture,  has  charge  of  the  fore- 
casting of  weather :  the  issue  of  storm 
warnin'jfs;  the  display  of  weather  and 
flood  signals  for  the  benefit  of  agricul- 
ture, commerce,  and  navigation ;  the 
jrauging  and  reporting  of  rivers ;  the 
maintenance  and  operation  of  seacoast 
telegraph  lines,  and  the  collection  and 
transmission  of  marine  intelligence 
for  the  benefit  of  commerce  and  navi- 
gation ;   the  reporUtv^  qI  Xaxo.'^^x^V^x^ 
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and  rain-fall  conditions  for  the  cotton 
interests ;  the  display  of  frost  and  cold- 
wave  signals:  the  distribution  of  me- 
teorological information  in  the  inter- 
ests of  agriculture  and  commerce,  and 
the  taking  of  such  meteorological 
observations  as  may  be  necessary 
to  establish  and  record  the  climatic 
conditions  of  the  United  States  or 
as  are  essential  for  the  proper  execu- 
tion of  the  foregoing  duties. 

I  HE     UUREAU    OF    ANIMAL     INDUSTRY. 

The  Bureau  of  Animal  Industry 
makes  investisations  as  to  the  exist- 
ence of  dangerous  communicable  dis- 
eftses  of  live  stock ;  superintends  the 
measures  for  their  extirpation,  and 
makes  original  investigations  as  to  the 
nature  and  prevention  of  such  dis- 
eases. It  inspects  live  stock  and  their 
products  slaughtered  for  food  consump- 
tion :  has  charge  of  the  insi)ection  of 
import  and  exi>ort  animals,  of  the  in- 
spection of  vessels  for  the  transporta- 
tion of  export  animals,  and  of  the 
quarantine  stations  for  imported  neat 
cattle,  other  ruminants,  and  swine : 
generally  supervises  the  interstate 
movement  of  animals  and  reports  on 
the  condition  and  means  of  improving 
the  animal  industries  of  the  country. 
It  makes  special  investigations  in  re- 
gard to  dairy  subjects,  inspects  and 
certifies  dairy  products  for  export,  and 
supervises  the  manufacture  and  inter- 
state commerce  of  renovated  butter. 

BUREAU  OF  CHEMISTRY. 

The  Bureau  of  Chemistry  makes  in- 
vest ications  of  fertilizers,  and  agricul- 
tural products,  and  such  analyses  as 
pertain  in  general  to  the  interests  of 
agriculture.  It  investigates  the  com- 
position and  adulteration  of  foods  and 
the  composition  of  field  products  in  re- 
lation to  their  nutritive  value  and  to 
the  constituents  which  they  derive 
from  the  soil,  fertilizers,  and  the  air. 
It  inspwts  imported  food  products  and 
excludes  from  entry  those  injurious  to 
health.  It  inspects  food  products  ex- 
ported to  foreign  countries  wliere  phy- 
sical and  chemical  tests  are  required 
for  such  products.  It  co-operates 
with  the  chemists  of  the  agricultural 
exp«^riment  stations  in  all  matters  per- 
taining to  the  relations  of  chemistry 
to  agricultural  interests.  It  also  co- 
operates with  the  other  scientific  di- 
visions of  the  Department  in  all  mat- 
ters relating  to  chemistry,  and  con- 
diicts  inrestigations  of  a  chemical  na- 


ture for  other  Departments  of  the  Got- 
ernment  at  the  request  of  their  respect- 
ive Secretaries. 

BUREAU  OF  STATISTICS. 

The  statistician  collects  information 
as  to  crop  production  and  the  numbers 
and  status  of  farm  animals,  through 
a  corps  of  county  and  township  corre- 
spondents, traveling  agents,  and  other 
agencies,  and  obtains  similar  informa- 
tion from  foreign  countries  through 
special  agents,  assisted  by  consular, 
agricultural,  and  commercial  authori- 
ties. He  records,  tabulates,  and  co- 
ordinates statistics  of  agricultural  pro- 
duction, distribution,  and  consumption, 
the  authorized  data  of  governments, 
institutes,  societies,  boards  of  trade, 
and  individual  experts;  and  issues  a 
monthly  crop  report  for  the  informa- 
tion of  producers  and  consumers. 

DIVISION  OF  FOREIGN   MARKETS. 

The  division  of  foreign  markets  has 
for  its  object  the  extension  of  the  ag- 
ricultural export  trade  of  the  United 
States.  It  investigates  the  require- 
ments of  foreign  markets,  studies  the 
conditions  of  demand  and  supply  as 
disclosed  by  the  records  of  production, 
importation,  and  exportation,  inquires 
into  the  obstacles  confronting  trade  ex- 
tension, and  disseminates  through 
printed  reports  and  otherwise  the  in- 
formation collected. 

OFFICE  OF  EXPERIMENT  STATIONS. 

The  OflSce  of  Experiment  Stations 
represents  the  Department  in  its  re- 
lations to  the  agricultural  colleges  and 
experiment  stations,  which  are  now  in 
operation  in  all  the  States  and  Terri- 
tories, and  directly  manages  the  ex- 
periment stations  in  Alaska,  Hawaii. 
and  Porto  Kico.  It  seeks  to  promote 
the  interests  of  agricultural  education 
and  investigation  throughout  the  Uni- 
ted States.  It  collects  and  dissemi- 
nates general  information  regarding 
the  colleges  and  stations,  and  publishes 
accounts  of  agricultural  investigations 
at  home  and  abroad.  It  also  indicates 
lines  of  inquiry,  aids  in  the  conduct  of 
co-operative  experiments,  reports  upon 
the  expenditures  and  work  of  the  sta- 
tions, and  in  general  furnishes  them 
with  such  advice  and  assistance  as  will 
best  promote  the  purposes  for  which 
they  were  established.  It  is  also 
charged  with  investigations  on  the  nu- 
tritive value  and  economy    of  human 
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foods  and  on  irrigation  and  agricul- 
tural engineering,  which  are  largely 
conducted  in  co-operation  with  the  col- 
leges and  stations. 

DIVISION  OF  ENTOMOLOGY. 

The  entomologist  obtains  and  dis- 
seminates information  regarding  inju- 
rious insects;  investigates  insects  sent 
him  in  order  to  give  appropriate  reme- 
dies ;  conducts  investigations  of  this 
character  in  different  parts  of  the 
country,  and  mounts  and  arranges 
specimens  for  illustrative  and  museum 
purposes. 

DIVISION  OF  BIOLOGICAL  SURVEY. 

The  division  of  biological  survey 
studies  the  geographic  distribution  of 
animals  and  plants,  and  maps  the  na- 
tural life  zones  of  the  country :  it  also 
investigates  the  economic  relations  of 
birds  and  mammals,  recommends  meas- 
ures for  the  preservation  of  beneficial 
and  the  destruction  of  injurious  spe- 
cies, and  has  been  charged  with  carry- 
ing into  effect  the  provisions  of  the 
Federal  law  for  the  importation  and 
lirotection  of  birds,  contained  in  the 
act  of  Congress  of  May  25,  1900. 

BUREAU  OF  FORESTRY. 

The  Bureau  of  Forestry  gives  prac- 
tical assistance  to  farmers,  lumber- 
men, and  others  in  the  conservative 
handling  of  forest  lands :  investigates 
methods  and  trees  for  planting  in  the 
treeless  West,  and  gives  practical  as- 
sistance to  tree  planters ;  studies  com- 
mercially valuable  trees  to  determine 
their  special  uses  in  forestry ;  tests  the 
strength  and  durability  of  construction 
timlx^rs  and  railroad  ties ;  investigates 
forest  fires,  grazing,  and  other  forest 
problems ;  and  makes  plans  for  practi- 
cal forestry  in  the  national  forest  re- 
serves at  the  request  of  the  Secretary 
of  the  Interior. 

BUREAU  OF  PLANT  INDUSTRY. 

The  Bureau  of  Plant  Industry  stud- 
ies plant  life  in  all  its  relations  to  ag- 
riculture. It  includes  vegetable  patho- 
logical and  physiological  investigations, 
botanical  investigations  and  experi- 
ments, pomological  investigations. 
grass  and  forage  plant  investigations, 
experimental  gardens  and  grounds,  the 
Arlington  experimental  farm.  Con- 
gressional seed  distribution,  seed  and 
plant  introduction,  and  tea-culture  ex- 
periments. 


VKGLITAlJLfc:  PA'lllOLOClICAL  AXU  PHYSIO- 
LOGICAL    IXVESTIGATIONS. 

These  investigations  have  for  their 
objects  the  study  of  diseases  of  agri- 
cultural crops  and  economic  plants, 
nutrition  of  plants,  rotation  of  crops, 
an<l  the  general  application  of  the  prin- 
ciples of  pathology  and  physiology  to 
agriculture,  the  problems  of  crop  im- 
provement, and  the  production  of  bet- 
ter varieties  of  agricultural  plants  and 
of  crops  resistant  to  disease  by  means 
of  bri»eding  and  selection. 

BOTANICAL    INVESTIGATIONS    AND     EX- 
PERIMENTS. 

This  office  investigates  botanical 
problems,  including  the  purity  and 
value  of  seeds ;  methods  of  controlling 
the  spread  of  weeds  and  preventing 
their  introduction  into  this  country; 
the  injurious  effects  and  antidotes  in 
the  case  of  poisonous  plants;  the  na- 
tive plant  resources  of  the  country, 
and  other  phases  of  economic  botany. 

GRASS   AND   FORAGE   PLANT   INVESTIGA- 
TIONS. 

This  office  studies  the  natural  his- 
tory, geographical  distribution,  and 
uses  of  grasses  and  forage  plants,  as 
well  as  their  adaptation  to  special 
soils  and  climates;  introduces  prom- 
ising foreign  varieties,  and  investigates 
the  methods  of  cultivation  of  native 
and  foreign  sorts. 

POMOLOGICAL  INVESTIGATIONS. 

This  branch  of  the  Bureau  collects 
and  disti'ibutes  information  in  regard 
to  the  fruit  interests  of  the  United 
States:  investigates  the  habits  and  pe- 
culiar qualities  of  fruits;  their  adapt- 
ability to  various  soils  and  climates, 
and  conditions  of  culture.  It  studies 
the  methods  of  harvesting,  handling, 
and  storing  fruits,  with  a  view  to  im- 
proving our  own  markets  and  extend- 
ing them  into  foreign  countries. 

EXPEUIMEXTAL  GARDENS  AND  GROUNDS. 

This  branch  is  charged  with  the 
carp  and  ornn mentation  of  the  parks 
surroundine  the  Department  build- 
ings ;  with  the  duties  connected  with 
the  conservatories  and  gardens,  and 
with  the  testing  and  propagating  of 
econoniic  plants.  It  carries  on  inves- 
tigations for  the  pur\)ose  ot  d^tft^\s\vev- 
ing  the  best  met\vo<V^  ol  vm^xQsvR.^  >Cwi 


TliiB  oSee  is  nbBTgei  witb  tliG  pur- 
rhnsQ  and  dlntribution  of  vnlaable 
seed.  The  fieedi  are  dwtrlbutei]  in  al- 
lotnicnN  to  Bpnatoii.  IlepreHPiitatlvM. 
Deli'Kud^a  in  CnngreM,  and  the  sgri' 
piiltii'^l  experimi^nt  Btntioiia,  and  alfto 
by  Ihc  Scirrelnry  at  Agriculture,  an 
provided  for  by  llie  law. 
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culture  of  plants  uudpr  glau,  aod 
other  lines  of  iniaatigaiioa  connected 
'  '    ■   ■       ■   B  horticuKure. 


clamalion  of  allinii  lands,  and  iiic<q:i 
gationti  of  the  growth,  curing,  and  frr 
mentation  of  toban-o. 

OFFICE  OF  FI.'ULKMIOAD  INQtriRIES 

Tlie  Office  of  Publit-Road  InquiriM 
i-olliTlH  information  c-onrprninK  llie 
ayacema  of  road  management  through- 
(ji?t  the  I'tiited  States.  conduclB  anJ 
promotes    investigation  a    and    eiprri- 


■I'BLICATIOKS. 

Thed 

'hiding  Farmers'  Bulletios  and  otiier 
ngricnlturnl  reports  ordered  prinlpJ  bj 
the  Conereaa,  with  tlje  exception  n( 
(lioae  iaxued  by  The  Weather  Bunan- 
It  Hiifierviaes  all  printing,  binding,  anil 
illuMti-ntiou  work  of  the  ncpartmeni' 
It  directs  the  distribution  of  puhlici- 
lioDs  with  tlip  exreplion  of  those  mm- 
ed  over  by  law  to  the  Sup^rinlpndeBl 
of  Doi'iimentit  for  sale  at  the  priiv 
(ixod  by  him ;  iaauea,  in  the  form  d 
prewi  notices,  official  information  of  in- 
itrest  to  Hgnculltirists,  and  distrihutM 
lo  Hgrlcultural  und  other  iieriodii-al.i 
and  wrilera  aj'nopses  of  Deparlmeot 
publications. 


This  work  liai  for  its  objK't  the  se- 
curing from  all  lurls  of  the  world  of 
BWds  and  plants  ')(  new  and  valuable 
HRrWltijrnl  cropH  ndaptpd  lo  different 
parts  of  the  Pntled  StBlts. 

AnLTKOTO.V    ETPE8IME:4TAt    FARU. 

The  experiment  farm  is  desluned  ul- 
tlmnli'ly  lo  bpionie  an  udjunct  to  all 
brancliea  of  Ihe  I Icjiartment.  It  will 
fttTiy  on  i n veal ignt ions  in  the  testing 
of  ngricultural  croiw,  fruits,  and  vege- 
lablea. 


This  branch  of  Ihe  Bureau  has  for 
lis  ohjeci  tlie  study  of  tea  with  it  view 
to  iirodui-inn  it  in  this  connlr.v.  Ex- 
lienmentii  are  conducted  in  ten  cul- 
tuii>,  and  methoilH  of  growing,  curinR. 
find  bnndline  Ibe  tea  are  being  worked 
oui.  The  work  is  carried  on  at  Sum- 
mcrvitle.  S.  V..  nud  at  rierc-c,  Texas. 


TIIK    rnST-OKFICE   DEPARTMENT. 


islninstpr-n«ieial  bns  Ihe  di- 

piirlinimt.  lie  np]>oinl»i  all 
lid  employees  of  Ihe  IMmrt- 
■eiil  the  four  Assistant   i'ibi- 


lints  all  postmasters  whose  compen- 
ition  does  not  exceed  $1,000:  makes 
istfll  treaties  with  foreign  Oovem- 
enls,  by  and  with  the  advic-e  and  con- 
■nt  of  the  President,  awards  and  ei- 
■nteis  <>ontracts.  and  directs  the  man- 
ii'mciil   of  the  domestic  and   foreign 


TIIK     DEPAliTMENT     OF     THK      SAVY. 


The  Se.'rei 
such  dnlies 
I'nltod  Stales,  who 
Chief,  may  niwign  1 
'    luperinlendi 


,f  the 


d  em  ploy  m 


X  of'"™ 


The  dalles  of  the   Hiirenii  fi\ 
gallon  coniiirise  nil  that  relnlin 


roniiilunlion,  record,  and  enforcement 
f  the  Secretnr.v'a  orders  lo  the  fleet* 
nd  to  the  officers  of  the  Navv.  except 
ich  onlers  ns  pertain  to  the  Offii-e  of 
le  SiiTeiary :  the  education  of  officers 
nd  men.  ini'Inding  Ihe  Naval  Acadr- 
1.1'  and  tcchnii'al  schools  for  offii-era 
■xi>l>t  tbc  \Vnr  Collette  and  Torpedo 
iIkidIi.  the  npprentice  establishment. 
Fid  siboulK  for  the  technical  education 
F  etillnted  men.  and  to  the  sapervision 
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and  control  of  the  Naval  Home,  Phila- 
delphia ;  the  enlistment  and  discharge 
of   all   enlisted   persons,   including  ap- 
pointed petty  officers  for  general  and 
sjjei'ial  service.     It  controls  all  rendez- 
vous and  re<feiving  ships,  and  provides 
transportation  for  all  enlisted  i>ersons 
and    appointed   petty    officers :    estab- 
lishes the  complement  of  the  crews  of 
all    vessels   in  commission ;   keeps   the 
records    of    service    of    nil   squadrons, 
ships,  officers,  and  men,  and  prepares 
the  annual  Naval  Register  for  publica- 
tion :  has  under  its  direction  the  prep- 
aration,  revision,  and  enforcement  of 
all  factics,  drill  lK>oks,  signal  codes,  ci- 
pher  cotles,   and    the   uniform    regula- 
tions. 

IHREAU    OF    YARDS    AND    DOCKS. 

The  duties  of  the  Bureau  of  Yards 
and  I>o<-ks  comprise  all  that  relates  to 
the  planning,  construction,  and  main- 
tenance of  all  docks  (including  dry 
docks),  wharves,  slips,  piers,  quay 
walls,  and  buildings  of  all  kinds,  for 
whatever  purpose  needed,  within  the 
limits  of  the  navy-yards,  but  not  of 
hospitals  and  magazines  outside  of 
those  limits,  nor  of  buildings  for  which 
it  does  not  estimate.  It  repairs  and 
furnishes  all  buildings,  stores  and  of- 
fices in  the  several  navy-yards,  and  i:^ 
'barged  with  the  purchase,  sale,  and 
transfer  of  ill  land  and  buildings  con- 
nected with  the  navy-yards :  has  un- 
der Its  sole  control  the  general  admin- 
istration of  the  navy-yards ;  provides 
and  has  sole  control  of  all  landings, 
derricks,  shears,  cranes,  sewers,  dredg- 
ing, railway  tracks,  cars,  and  wheels, 
tru«ks.  grading,  paving,  walks,  shade 
trees,  inclosure  walls  and  fences,  ditch- 
ing, reservoirs,  cisterns,  fire  engines, 
and  api)aratu8,  all  watchmen,  and  all 
things  necessary,  including  labor,  for 
the  cleaning  of  the  yards  and  the  pro- 
tection of  the  public  property. 

BUREAU    OF    EQITIPMENT. 

The  duties  of  the  Bureau  of  Equip- 
ment comprise  all  that  relates  to  the 
equipment  of  all  vessels  with  rigging, 
sails,  anchors,  yeomen's  stones,  furni- 
ture not  provided  by  other  l)nreaus. 
navigation  stores  and  supplier  of  all 
kinds,  including  nautical  and  navigat- 
ing instruments  and  books,  stationery, 
and  blank  books  for  commanding  and 
navigating  officers  ashore  and  afloat, 
binnacles,  flags,  signal  lights,  running 
lights,  and  standing  lights  on  ]M)nrd 
vessels,  including  all  electrical  fti»- 
paratns  for  lighting  purpos»»s  and 
searchlights,    logs,    leads,    lines,    and 


glasses,  log  books,  ships*  libraries,  il- 
luminating oil  for  all  purposes,  except 
that  used  in  the  engineer  department 
of  steamers,  and  fuel  for  steamers,  the 
rope  walks,  and  the  shops  for  making 
anchors  and  cables,  rigging,  sails,  gal- 
leys, and  cooking  utensils,  the  Naval 
Observatory,  Nautical  Almanac,  com- 
pass offices,  and  pilotage.  It  has  un- 
der its  control  the  Hydrographie 
Oflice,  the  collection  of  foreign  sur- 
veys, publication  and  supply  charts, 
sailing  dire<'tions,  and  nautical  works, 
and  the  dissemination  of  nautical  and 
hydrogriphic  information  to  the  Navy 
and  mercantile  marine. 

BUREAU   OF  ORDNANCE. 

The  duties  of  the  Bureau  of  Ord- 
nance comprise  all  that  relates  to  the 
torpedo  station,  naval  proving  grounds, 
and  magazines  on  shore ;  to  the  manu- 
facture of  offensive  and  defensive  arms 
and  apparatus  (including  torpedoes), 
all  ammunition  and  war  explosives ; 
procures  all  machinery,  apparatus, 
equipment,  material,  and  supplies  re- 
quired hy  or  for  use  with  the  above: 
ro<'ommends  the  armament  to  be  car- 
ried ])y  ve:<sels  of  the  Navy  :  the  ma- 
terial, kind,  and  quality  of  the  armor: 
the  interior  dimensions  of  revolving 
turrets  and  their  requirements  as  re- 
gards rotation.  It  fixes,  within  the 
carrying  power  of  vessels  as  deter- 
mined by  the  Bureau  of  Construction 
an<l  Repair,  the  location  and  command 
of  the  armament,  and  distributes  the 
thickness  of  the  armor;  inspects  the 
installation  of  the  permanent  fixtures 
of  the  armament  and  its  accessories  on 
I  oanl  ship,  and  the  methods  of  stor- 
ing, handling,  and  transporting  am- 
munition and  torpedoes ;  designs  and 
constructs  turret  am.munition  hoists : 
determines  the  requirements  of  all  am- 
munition hoists,  and  the  method  of 
constru<-tion  of  armories  and  ammuni- 
tion roonis  on  lM)ard  ship,  and  in  con- 
junction with  the  Bureau  of  Construc- 
tion and  Repair,  dcttrmines  upon  their 
lornti(»n  and  that  of  ammunition 
iioists.  It  instJills  tlje  armament  and 
its  accessori<'s  which  are  not  perma- 
nently attaclied  to  any  portion  of  the 
structure  of  the  Inill,  excepting  tur- 
ret guns,  turret  mounts,  and  ammu- 
nition hoists,  etc.:  has  cognizance  of 
all  electrically  operated  ammunition 
hciists,  rammers,  and  gun-elevating 
irear  which  are  in  turrets,  of  electric 
range  tinders,  of  electric  training  and 
elevating  gear  for  gun  mounts  not  in 
turret^;,    o{    e\eeXt\e^\\N;    ov^x-cvX^^^    vCvc 
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I'umprEsiiorB  for  pharKinx  torpedoes, 
nnd  of  all  battlp-order  and  range  trans- 
miltiTB  and  iiKiifalom;  ripglgns  inter- 
nal HrranKsmpnls  of  liLiilHIneH  al  tiavy- 
janis  where  onlnance  work  is  per- 
formed; dvulgiis,  ererlR,  aotl  maintam^i 
all  ahopn  and  build ingH  conslrui'ted 
for  ilH  own  purpose  outside  the  lim- 
its of  iiHvy-3'srda.  It  Is  diarKC^d 
with  the  purcliase.  sale,  and  Iraiiafer 
of  all  land  and  tiuildinKS  in  ronneo- 
lion  tberewilh.  eicppt  Hi  navy-jards, 
and  with  the  jirevervatlan  of  publk 
l.ropert.v  under  its  control.  It  deter- 
mines n|win  and  prof-urcs  all  the  tooln, 
alorea,  ntationer.v,  hlank  iMtDba.  formn. 
material,  meanH.  anil  appliances  of 
every  kind  re<iuired  in  its  shopa,  in- 
clurllne  fuel  and  trans])0rtation.  It 
Rnperinlends  all  work  done  under  it, 
and  estimate*  for  and  defrays  from  Us 
own  lundu  the  cost  neceuiinry  to  carry 
out  its  dutiea  as  atrare  ileliDed. 


The  duties  of  the  Bureau  of  Con- 
xlniclion  and  Itrpair  I'omiiriiie  the  re- 
!<|ion»iliiIi(y  for  the  strnc'tural  strenKlli 
and  ainliillty  of  all  shiiM  Iniill  for  the 
Xnvy :  nil  that  relates  to  desiKnine. 
bnlliiint;.  fitting,  nnd  repairing  the 
hulls  of  ships,  turrets,  xpara.  cniKstflnn. 
windlasses,  steering  Rear,  nnd  renli- 
Inting  apparatns,  and,  after  i^nsul- 
tation  with  the  Bureau  of  Ordnance. 
and  airording  to  Ihe  retjnireraenls 
thereof  n«  dpiermitifd  by  that  Bureau, 
(h"  d.'^i     ■  ... 


iHlInt 


hi)lt< 


iif  i 


of     ■ 


H;Uie 


of  Ordnance,  designs  tbe  arrangemtiiU 

for  centering  the  turrets,  the  charad^r 
of  the  roller  paths  and  their  supports, 
and  furnishes  the  Bureau  every  Dp[K)^ 
Innity  to  inspect  the  installntioD  on 
lioard  of  all  giermanent  fixtures  of  Ibe 
armnnjeiit  and  Dixvssories  supplied  by 
nnid  Bureau.  It  has  cognixaai.'e  of  ail 
eleelrie  turret-turning  machiDery  tii4 
of  all  eleotricnlly  oiKmted  ammuulliga 
hoists  (except  turret  hoistfl).  the  samt 
to  (onform  to  the  requirements  of  Ibr 
Bureau  of  Ordnance  as  to  power, 
speed,  and  control.  It  also  has  cot' 
nirnnt-e  of  statiouary  elertrirnlly  npfr 
ated  fans  or  blowers  for  hull  ventili- 
lion,  boat  cranes,  deck  winches,  rap- 
atans.  steering  engines  and  lelemotorB 
therefor,  and  hand  pumps  not  in  the 
engine  or  fire  rooms,  and  of  eleetri.: 
launches  and  other  Inata  supplied  wiib 
elet'trlc  motive  power.  It  has  charE* 
of  the  docking  of  ships,  niirl  also  de- 
Kigns  the  nlips  and  the  various  baild- 
ings  and  shops,  so  far  as  their  internal 
nrmuBcmenta  are  ccm-erne<).  where  it« 
work  ii  .... 


(EAU   OF   BTEAM   I 


The  duties  oC  the  Bureau  of  Sieani 
EDRineering  comprise  all  that  relali"' 
to  the  designing,  building,  fitting  cut. 
repairing,  and  engini<ering  of  the  steam 
machinery  used  for  the  propulsion  ol 
□Aval  vessels,  and  will  also  include 
steam  i>unips.  steam  heatPrs  and  i-on- 

essary  for  actuating  the  apparaiui 


inndant    of    the    Marin* 


of  the  Xn\ 


i|ilhi« 


iHtrihution  of  oRii'eni  and   men 

n  of  the  Bureau  of  Ord-  for  duly  at  the  several  shore  stations 
rmiini-nt  li\iurcs  nf  the  |  as  shall  apis-ar  to  him  to  be  most  nrl- 
itu  ii..,.i>.»iii.iiia  !>•  mniiii.  vantaacous  for  the  interests  of  the  ser- 
I  vice :  furnishes  guards  for  vessels  ot 
I  Ihe  Navy,  ncconling  to  the  autlioriied 
Kcnle  of  allowance :  under  the  direction 
of  Ihe  Seiretary  of  the  Navy,  issues 
I  orders  for  the  movement  of  officers  and 
troi>in,  and  suc-h  other  orders  and  in. 
I  siructions  for  their  guidance  as  maj 
\ic  neeessnry:  and  has  charge  and  ex- 


ii<il  by  liuit  Bureau  : 

nmiinltinn       hiiisls. 

iietural      work 
iiisiultntion    or 


for  or  nianuricinriiic  all  the  •iiuiiuiRe 
and  .-UTi'ilii-«  r-i-  -^liips  pre.<,ribe.i  bv 
the   Jiu1h.iii/,..l   .■tn...vi.Ti.e   li^iv.        The 

also,  ailor  iiinU'ri-iuv  wilb  the  Kutenu 


lervice   of   titt 
tabiishment  ol 
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THE  DEPARTMENT  OF  TUE  INTERIOR. 


The  Secretary  of  the  Interior  is 
charged  with  the  supervision  of  pub- 
lie  business  relating  to  Patents  for  In- 
ventions :  Pensions  and  Bounty  Lands ; 
the  Public  Lands  and  Surveys ;  the  In- 
dians :  Education ;  railroads :  the  (Geo- 
logical Survey;  the  Hot  Springs  Res- 
ervation, Arkansas;  Yellowstone  Na- 
tional Park,  Wyoming,  and  the  Yose- 
mite,  Sequoia,  and  General  Grant 
parks,  California  ;  forest  reservations ; 
distribution  of  appropriations  for  agri- 
cultural and  mechanical  colleges  in  the 
States  and  Territories;  the  custody 
and  distribution  of  certain  public  docu- 
ments ;  and  supervision  of  certain  hos- 
pitals and  eleemosynary  institutions  iu 
the  District  of  Columbia.  He  also  ex- 
ercises certainpowers  and  duties  in  re- 
lation to  the  Territories  of  the  United 
States. 

COMMISSIONER  OF  PATENTS. 

The  Commissioner  of  Patents  is 
charged  with  the  administration  of  the 
patent  laws,  and  supervises  all  mat- 
ters relating  to  the  issue  of  letters 
patent  for  new  and  useful  inventions, 
discoveries,  and  improvements  thereon, 
and  also  the  registration  of  trade- 
marks, prints,  and  labels.  He  is  by 
statute  made  the  tribunal  of  last  re- 
sort in  the  Patent  Office,  and  has  ap- 
pellate jurisdiction  in  the  trial  of  in- 
terfei-ence  cases,  of  the  patentability 
of  inventions,  and  of  registration  of 
trade-marks.  He  is  aided  by  an 
assistant  Commissioner,  chief  clerk, 
three  examiners  in  chief,  an  examiner 
of  interferences,  and  thirty-nine  prin- 
cipal examiners. 

COMMISSIONER   OF    PENSIONS. 

The  Commissioner  of  Pensions  su- 
pervises the  examination  and  adjudica- 
tion of  all  claims  arising  under  laws 
passed  by  Congress  granting  bounty 
land  or  pension  on  account  of  service 
in  the  Army  or  Navy  during  the  Revo- 
lutionary War  and  all  subsequent  wars 
in  which  the  L'nited  States  has  been  ; 
engaged.  He  is  aided  by  two  Deputy 
Commissioners  and  the  chief  clerk  of  | 
the  Bureau,  each  of  whom  has  super-    i 


vision  over  business  arising  in  divi- 
sions of  the  Bureau  assigned,  under  or- 
der of  the  Commissioner,  to  his  imme- 
diate charge. 

COMMISSIONER  OF  THE  GENERAL  LAND 

OFFICE. 

The  Commissioner  of  the  General 
Land  Office  is  charged  with  the  survey, 
management,  and  sale  of  the  public  do- 
main, and  the  issuing  of  titles  there- 
for, whether  derived  from  confirma- 
tions of  grants  made  by  former  govern- 
ments, by  sales,  donations,  or  grants 
for  schools,  railroads,  militarj'  boun- 
ties, or  public  irai)rovements.  He  is 
aided  by  an  Assistant  Commissioner 
and  chief  clerk. 

COMMISSIONER    OF     EDUCATION. 

The  duties  of  the  Commissioner  of 
Education  are  to  collect  such  statis- 
tics and  facts  as  shall  show  the  condi- 
tion and  pro«jress  of  education  in  the 
several  States  and  Territories,  and  to 
diffuse  such  information  respecting  the 
organization  and  management  of 
schools  and  school  systems  and  meth- 
ods of  teaching  :is  shall  aid  the  people 
of  the  I'nited  States  in  the  establish- 
ment and  maintenance  of  efficient 
school  systems,  and  otherwise  promote 
the  cause  of  •'diication  throughout  the 
country. 

DIRECTOR   OF  THE   GEOLOGICAL   SURVEY. 

The  Director  of  the  (Geological  Sur- 
vey has  charge  of  the  classification  of 
public  lauds  and  examination  of  the 
geological  structure,  mineral  resources, 
nnd  products  of  the  national  domain, 
and  thj  ;5urvey  of  forest  reserves,  in- 
cluding the  preparation  of  topographic 
and  geologic  maps;  also  the  measure- 
ment of  streams  and  determination  of 
the  water  supply  of  the  United  States, 
including  tlic  investigation  of  under- 
ground waters  and  artesian  wells; 
and  also  the  reclamation  of  ari<l  lands, 
including  the  enKi.Kwring  operations 
to  be  carried  on  by  the  use  of  the  recla- 
mation fund  created  l)y  act  of  June  17, 
1002.  from  proceeds  of  sales  of  public 
lands. 


THE    BOARD    OX    GEOGKAPniC    NAMES. 


That  uniform  usage  in  regard  to  geo- 
graphic nomenclature  and  orthography 
shall  obtain  throughout  the  Executive 
Departments  of  the  Government,  and 
particularly  upon  maps  and  charts  is- 
sued by  the  various  Departments  an<l 
Bureaus,  this    Board    is    constituted. 


To  it  shall  be  referred  all  unsettled 
questions  <-oncerning  g(»ographic  names 
which  arise  in  tlie  Departments,  and 
tile  de<'isi()ns  of  the  Board  are  to  be 
iiccepted  by  tlie  Departments  as  the 
standard  authority  in  such  matters. — 
Orgs\n\ze<\  ^c\iV,^mVt  ^,  ^S5:!^. 


iUm 
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THE    NATIONAL    ACADEMY    OF    SCIENCES. 
(Incorporated    by    Act    of    Congress    March  3,  1863.) 


Section  3  of  the  act  of  incorporation 
provides:  **TIiat  the  National  Academy 
of  Sciences  siiall  hold  an  annual  meet- 
ing at  such  place  in  the  United  States 
as  may  be  designated,  and  the  academy 
shall,  whenever  called  upon  by  any  de- 
partment of  the  Government,  investi- 
gate, examine,  experiment,  and  repoi't 
upon  any  subj(»ct  of  s<'ience  or  art, 
the  a<'tual  expense  of  su<'h  investiga- 
tions, examinations,  experiments,  and 
reports  to  be  paid  from  appropriations 
which  may  be  made  for  the  purpose ; 
but  the  academy  shall  receive  no  com- 
pensation   whatever    for   any    services 


to    the    Government    of    the    United 
States." 

In  accordance  with  this  provision, 
the  academy — which  includes  about 
one  hundred  members — has  made  manj 
investigations  and  reports,  at  tbe  re- 
quest of  the  legislative  and  executife 
branches  of  the  Government,  The  an- 
nual reiiorts  are  published  by  Congress 
as  House  and  Senate  documents.  Two 
meetings  are  held  each  year.  The  an- 
nual meeting  is  held  in  April,  at 
Washington ;  the  other  in  November, 
at  such  place  as  may  be  determioed 
by  the  council. 


THE    CIVIL    SERVICE    COMMISSION. 


The  purpose  of  the  civil-service  act 
(approved  January  1<»,  18S3),  as  de- 
clared in  its  title,  is  "to  regulate  and 
imi)rove  the  civil  service  of  the  United 
States.*'  It  provides  for  the  appoint- 
ment of  three  Commissioners,  not  more 
tlinn  two  of  whom  shall  be  adherents 
of  the  same  political  party,  and  makes 
it  the  duty  of  the  Commission  to  aid 
the  President,  as  he  may  request,  in 
preparing  suitable  rules  for  carrying 
the  act  into  eff«*t.  The  a<'t  re<iuires 
that  the  rules  shall  provide,  among 
other  things,  for  open  competitive  ex- 
aminations for  testing  the  fitness  of 
api)licants  for  the  jniblic  service,  the 
filling  of  classified  positions  by  sehx'- 
tions  froni  among  those  i)assing  with 
hich«'st  grades,  an  apportionment  of 
appointments  in  th(»  Departments  at 
WasluMjrton  among  the  States  and 
Territories,  a  period  of  probation  be- 
fore absolute  appointment,  an<l  the 
I)rohil)ition  of  tlie  use  of  ofiicial  au- 
thority *o  coerce  the  political  action  of 
any  ocison  or  body.  The  act  also 
I)r(ivides  for  invt^stiirations  touching 
the  enfon-enient  of  the  rules  promul- 
gated, and  forbids,  under  penalty  of 
fine  or  iinpris()nm(»nt.  or  both,  the  so- 
licitation by  any  i)erson  in  the  service 
of  the  l.^nited  States  of  contri])utions 
to  be  used  for  political  purposes  from 
persons  in  such  servi<*e,  or  the  collec- 
tion of  su<h  contributions  ])y  any  per- 
son in  a  Government  building. 

THE  CLASSIFIED  SEKVICE. 

It  is  estimated  that  in  1002  there 
were  23r).S.>il  positions  in  the  exe<-utive 
civil  service,  of  whi<  h  2n.t):il  were  in 
the  <'xecutive  offices  at  WashinuMoii 
am]  2J 4.023  were  outside.    About  120.- 


000  positions  are  classified  subject  to 
competitive  examination  under  the  civ- 
il service  rules.  Persons  merely  em- 
ployed as  laborers  or  workmen  and 
persons  nominated  for  confirmation  by 
the  Senate  are  exempted  from  the  re- 
quirements of  classification.  Within 
these  limits  certain  classes  of  ftositions 
are  excepted  from  examination.  amooK 
them  being  employees  at  postoffices  not 
having  free  delivery,  Indians,  attor- 
neys, pension  examining  surgeon!*, 
deputy  collectors  of  internal  revenue, 
office  deputy  marshals,  and  a  few  em- 
ployees whose  duties  are  of  an  imi)or- 
tant  confidential  or  fiduciary  nature. 

EXAMINATIONS. 

Examinations  are  held  in  every 
State  and  Territory  twice  a  year.  Full 
infommtion  respecting  these  examiaa- 
tions  is  to  be  found  in  a  manual  issiun] 
by  the  Commission  in  January  and 
July  of  each  year,  for  free  distribu- 
tion. Th^  examinations  range  in 
.scopi*  from  tet^hnical.  professional,  or 
scientific  subjects  to  those  based  wholly 
upon  the  age,  physical  condition,  ex- 
perien<*e.  and  character  as  a  workman 
of  the  applicant,  and  in  some  cases  do 
not  re(piire  ability  to  read  or  write. 
To  insure  practical  tests  of  fitness  (hVI 
diflerent  kinds  of  examinations  were 
held  during  the  year  ended  June  3i.>, 
1002,  each  of  which  involved  different 
tests  and  more  than  half  of  which 
contained  no  educational  tests,  but 
consistJ'd  of  certificates  of  employers  or 
felhiw  workmen.  During  the  fiscal 
year  ende*]  June  .'^O.  1J)03.  80.787  per 
sons  were  examined,  G4,-ti{9  passed. 
piul  2<».r»4li  were  appointed. 
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THE    FILLINO    OF    VACANCIES. 

A  vacancy  is  filled  from  among  the 
three  persons  of  the  sex  called  for 
standing  highest  on  the  appropriate 
register,  the  order  being  determined  by 
the  relative  rating,  except  that  the 
names  of  persons  preferred  .under  sec- 
tion 1754,  Revised  Statutes,  come  be- 
fore all  others.  Until  the  rating  of 
all  papers  of  an  examination  is  com- 
pieteil  the  identity  of  no  applicant  is 
known.  A  vacancy  may  also  be  filled 
by  promotion,  reduction,  transfer,  or 
reinstatement. 

MILITARY  PREFERENCE. 

Persons  discharged  from  the  mili- 
tary or  naval  service  by  reason  of  dis- 
ability resulting  from  wounds  or  sick- 
nf*ss  incurred  in  the  line  of  duty  and 
who  receive  a  rating  of  at  least  65  are 
certified  first  for  appointment.  All 
others  are  required  to  obtain  a  rating 
of  70  or  more  to  become  eligible.  The 
rule  barring  reinstatement  after  a  sep- 
r^ration  of  one  year  does  not  apply  to 
any  p<*rson  honorably  discharged  aftor 
service  in  the  civil  war  or  the  war  with 
Spain,  or  his  widow,  or  an  army  nurse 
or  either  war. 

THE  PHILIPPINE  CIVIL  SERVICE. 

Appointments  to  the  insular  civil 
'service  of  the  Philippines  are  made  un- 
der an  art  passed  by  the  Philippine 
Commission  and  rules  promulgated  by 
the  Goveraor  of  the  islands.  The  mu- 
nicipal service  of  Manila  is  also  classi- 
fied and  subject  to  the  provisions  of 
the  act  and  rules,  which  are  similar  to 
the  United  States  act  and  rules.    The 


United  States  Commission,  under  an 
Executive  order,  assists  the  Philippine 
Board  by  conducting  examinations  in 
the  United  States  for  the  Philippine 
service  and  in  .ill  other  practicable 
ways.  These  examinations  are  held 
only  for  positions  for  which  compe- 
tent natives  cannot  be  found,  the  na- 
tives being  preferred  for  appointment. 
The  United  States  rules  permit  the 
transfer  of  classified  employees  who 
havo  served  for  three  year's  from  the 
Pliilippine  service  to  the  Federal  ser- 
vice. 

THE  CIVIL  SERVICE  IN  PORTO  RICO  AND 

HAWAII. 

The  Federal  positions  in  Porto  Rico 
and  Hawaii  by  act  of  Congress  fall 
within  the  scope  of  the  civil  service  act 
and  are  filled  in  the  same  ways  as  com- 
petitive positions  in  the  United  States. 
'r\\(i  competitive  system  does  not  ex- 
tend to  the  insular  and  municipal  po- 
sitions of  the  islands. 

UNCLASSIFIED  LARORERS. 

Appointments  of  unclassified  labor- 
ers in  the  Departments  at  Washing- 
ton under  Executive  order  are  required 
to  be  made  in  accordance  with  regu- 
lations to  be  approved  by  the  heads  of 
the  several  Departments  and  the  Civil 
Service  Commission.  Such  regula- 
tions have  been  adopted  by  several  of 
the  Departments,  and  the  positions  of 
laborers  are  being  filled  by  the  ap- 
pointment of  those  applicants  who  are 
rated  highest  in  age,  physical  condi- 
tion, and  industry  and  adaptability. 
The  system  is  outside  the  civil  service 
act  and  rules. 


THE    INTERSTATE    COMMERCE    COMMISSION. 


This  Commission,  appointed  under 
"An  act  to  regulate  commerce,"  ap- 
proved February  4,  1887,  has  authori- 
ty to  inquire  into  the  management  of 
the  business  of  all  common  carriers 
who  are  subject  to  the  provisions  of 
the  act.  These  are  all  which  are  "on- 
gaged  in  the  transportation  of  pas- 
sengers or  property  wholly  by  railroad, 
or  partly  by  railroad  and  partly  by  wa- 
ter when  both  are  used,  under  a  com- 
mon control,  management,  or  arrange- 
ment, for  a  continuous  carriage  or 
shipment,  from  one  State  or  Territory 
of  the  United  States  or  the  District  of 
Columbia  to  any  other  State  or  Ter- 
ritory of  the  United  States  or  tho  Dis- 
trict of  Columbia,  or  from  any  place 
in   the  United  States  to  an  adjarent 


foreign  country,  or  from  any  place  in 
tlie  United  States  through  a  foreign 
country  to  any  other  place  in  the  Uni- 
ted States,  and  also  in  the  transporta- 
tion in  like  manner  of  property  shipped 
from  any  place  in  the  I'nited  States 
to  a  foreign  country  and  carried  from 
such  place  to  a  jwrt  of  transshipment, 
or  shipp^^'d  from  a  foreign  country  to 
any  plaro  in  ilie  T'nited  States  and 
carried  to  such  i)lacp  from  a  port  of 
entry  either  in  the  United  States  or 
an  adjacent  foreign  country.**  It  has 
jurisdiciion  to  inquire  into  and  report 
upon  the  reasonableness  of  rates  on  in- 
terstate traffic,  to  decide  questions  of 
unjust  discrimination  and  of  undue 
preference,  to  prescribe  the  publicity 
to  V>o  ^vvew  to  ^o\\it.  \^x\^%,  ^xA  \ft  v^- 
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Htituto  and  carry  on  pnx'oedingH  for 
\\w  «'nfon'pm*?nt  of  tli*»  proviKionH  of 
thf»  law.  It  Hhh  iM)W<*r  to  call  for  re- 
port h,  to  nM|inn»  tlii'  attendance  of 
witn'*HHeM  and  th<*  pro<Iu('tion  of  l)ookM 
and  ijaiMTM,  to  hear  (*oniplaintH  of  a 
violation  of  the  act  made  a^^ainRt  any 
Hurh  '-arrier,  and  to  determine  what 
reparation  Hhnll  l>e  ma<le  to  a  party 
wroni;«*d ;  to  inHtitiile  inquirieH  on  itH 
own  motion  or  at  the  rec|n«*Ht  of  State 
railroad  commiMHionH.  and  to  report 
thereon ;  and  it  \h  nNpiired  to  make 
an  annual  re])<irt,  which  Khali  he  trans- 
mitted  to  ConKrcKH. 

Tlie  a<t  of  March  2.  lSt«.  known  aH 
the  "Safety  Appliance  Act,"  provides 
that  within  HiM»cihe<l  intIcmIh  railroad 
cars  UK*"!  in  interstate  <*onimerce  must 
Ih>  equiiiped  with  automatic  <'ouplers 
and  standard  height  of  drawbars  for 
freiuht  I'ars,  and  have  jfrab  irons  or 
luindholds  on  the  en<ls  and  side.-t  of 
<»ai'li  <'ar. 

A  further  provision  of  this  act  is 
that  loc(uiiotive  euf^ines  used  in  movin^r 
interstate  traffic  shall  he  fitted  with  a 
I»ower  driving  wheel  brake  and  appli- 
ances for  operating  the  train  brake 
system,  and  a  suirK'ienl  number  of  cars 
ill  the  train  shall  be  (Hpiipped  with 
power  or  train  brakes.  The  act  di- 
rects the  Commission  to  lodjre  with  the 

TIIK     DKrAKTMENT     OF 

'nn»  Secretary  of  Commerce  and  La- 
bor is  <'harKed  with  the  work  of  pro- 
moting the  cofnmene  of  the  I'nited 
States,  nul  its  miniiijf.  mninifa<'turlntr. 
sliippiuk',  fishery,  t  rniisportation,  and 
labor  interest^.  His  <luties  also  com- 
|)risc  the  invent  iK!>l  ion  <>f  'he  orKaniz'i- 
lion  Mild  in:in:m«'iii<'nt  of  i-orporatioiis 
(»'X«"pt inir  rjiilrojidsj  eima>:«Ml  in  inter- 
state '•oinrmrce  :  the  KatlnM'inK  and 
pMbli<ati«m  of  iiiformatiou  n-u^ardin;? 
laljor  int«*r«'sts  ami  labor  (•(nitroversi<»s 
ill  ibis  Mild  (Jtlier  count ri<*s ;  f|i(>  ad- 
?nini*'trMti<ui  of  the  1/mlit  Mouse  Ser- 
vi<*e,  and  tlie  aid  ami  protertioii  io 
sbippiujr  tlM'ri'by:  tin-  takiiis:  of  the 
<-ensiis,  and  the  ««ilUM-tioM  ninl  pulili- 
cation  of  statistifMl  infoiiiiMiiou  con- 
lu'rted  tlicrewitb:  tlie  tiiMkiiiu'  ot"  (-(tast 
and  i:eod"tir  surveys;  the  «ollectini;  of 
statistics  relMtini:  to  toifiirn  ami  do- 
inesti«*  coiiimerci' :  tlie  iiispiMiion  of 
steaiiibonts.  ami  tin*  imiIo 'ceiiHMit  of 
laws  relatiiii;  t!ier«'to  for  tlie  protec- 
tion of  lit'e  and  propi'itv:  the  super- 
vision of  til"  fi>-lieii»s  as  M«lminist»'re(l 
by  the  Feder.il  (lovi-rnnient  :  tlie 
supervision  and  <ontrol  of  tlie  Ala>kan 
fur  sral.  salmon,   and  other  fisheries; 


proi>er  district  attorneys  iDfonnation 
of  such  violations  an  may  come  to  iH 
knowledge.  The  Commission  is  aa- 
thorize<l.  from  time  to  time,  upon  fall 
hearing  and  for  goo«l  cftuj«>.  to  extend 
the  j>eriod  within  which  any  common 
carrier  shall  comply  with  the  prori- 
sions  of  the  statute.  The  act  of  Mun-fa 
2,  llNKi.  amended  this  act  so  as  to 
make  its  provisions  apply  to  Terri- 
lon;>s  and  the  District  of  Columbia,  to 
all  cases  when  couplers  of  whatever  de- 
sign are  brought  together,  and  to  all 
lo<^omotives,  cars,  and  other  e<|uipmeDt 
of  any  railroad  engaged  in  interstate 
traffic,  except  logging  cars  and  caw 
nse^l  upon  street  railways,  and  also  to 
])ower  or  train  brakes  used  in  railway 
operation. 

The  act  of  March  3,  19t>l,  ''requiring 
common  carriers  engaged  in  interstate 
commen'e  to  make  reports  of  all  a<vi- 
dents  to  the  Interstate  Commerce 
Commissicm,'*  nrakes  it  the  duty  of 
sn<'h  carrier  monthly  to  reiH)rt,  under 
oath,  all  collisions  and  derailments  of 
its  trains  and  accidents  to  its  passtea- 
gers,  and  to  its  employees  while  on 
duty  in  its  service,  and  to  state  the 
riature  and  causes  thereof.  The  act 
prc^scribes  that  a  fine  shall  l)e  imi)a<etl 
against  any  such  carrier  failing  to 
make  the  report  so  required. 

('OMMKKCE  AND  LABOR. 

the  jurisdiction  over  merchant  ves.sels. 
their  rtifistry,  licensing,  measurement, 
entry,  <*h*a ranee,  transfers,  movement 
of  their  carg(M»8  and  passengei*8,  and 
laws  r(>lating  thereto,  and  to  seamen  of 
the  Tnited  States:  the  supervision  of 
the  immigration  of  aliens,  and  the  en- 
forcement of  the  laws  relating  thereto, 
and  to  the  exclusion  of  Chinese:  the 
custody,  construction,  maintenam^. 
and  application  of  standards  of 
weii?lits  and  measurements:  and  the 
jratheriug  and  supplying  of  informa- 
tion regarding  industries  and  markets 
f<r  the  fostering  of  manufacturing;. 
He  has  power  to  call  upon  other  De- 
partments for  statistical  data  obtained 

by    tliein. 

It  is  bis  further  duty  to  make  sm'h 
sperial  investigations  and  furnish  such 
inforination  lo  the  President  or  Con- 
L'ress  as  may  be  recjuirtnl  by  them  on 
tb«"  for.'uoini;  subject-matters  and  to 
niak«»  annual  reports  to  Congress  ujwn 
the  work  of  said  t>epartment. 

m  UK  VI'   OF  LATIOR. 

riie    l^irenn    of    Labor    is    charged 
with  the  duty  of  nccpiiring  and  diffus- 
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iniT  among  the  people  of  the  United 
States  UHeful  inforniation  on  subjects 
connected  with  labor  in  the  most  gen- 
eral and  comprehensive  sense  of  that 
word,  and  especially  upon  its  relations 
to  capital,  the  hours  of  labor,  the 
earnings  of  laboring  men  and  women, 
and  the  means  of  promoting  their  ma- 
terial, social,  intellectual,  and  moral 
prosperitj'. 

It  is  especially  charged  to  investi- 
gate the  causes  of  and  facts  relating 
to  all  controversies  and  disputes  be- 
tween employers  and  employees  as  they 
may  occur,  and  which  may  hapi)en  to 
interfere  with  the  welfare  of  the  people 
of  the  several  States. 

LIGUT-UOUSE   BOARD. 

The  Light- House  Board  has  charge, 
under  the  HUiwrinteiidence  of  the  S(h'- 
retary  of  Commerce  and  Labor,  of  all 
administrative  duties  relating  to  the 
construction  and  maintenance  of  light- 
houses, light  vessels,  light-house  de- 
pots, beacons,  fog  signals,  buoys,  and 
their  appendages,  and  has  charge  of 
all  records  and  proi>erty  appertaining 
to  the  Light-House  Establishment. 

BUREAU  OF  THE  CENSUS. 

The  Bureau  of  the  Census  is  charged 
with  the  duty  of  taking  the  periodical 
census«»s  of  the  United  States  and  of 
collecting  such  special  8tatisti<-s  as  arc 
re<iuir(Ml  by  Congress,  including  the 
colle<'tion  in  KM).*)  of  the  statistics  of 
manufacturing  establishments  conduct- 
ed under  the  factory  system,  and  the 
collection  annually  of  statistics  of 
births  and  deaths  in  registration  areas, 
statistics  of  the  cotton  production  of 
the  country  as  returned  by  the  ginners, 
and  (by  transfer  from  the  Bureau  of 
Labor)  statistics  of  cities  of  30,(KX)  or 
more  inhabitants.  Under  the  procla- 
mation of  the  E'resident  dated  Septem- 
ber 30,  19()2,  the  Bureau  is  charged 
with  the  compilation  and  tabulation  of 
tlie  returns  of  the  Philippine  census, 
tnkiMi  as  of  March  2,  1JX)3,  under  the 
direction  of  the  Philippine  Comnii**- 
sion. 

COAST    AND    OFWDETIC    St'RVEY. 

The  Coast  and  Geodetic  Survoy  is 
charged  with  the  survey  of  the  coasts 
of  the  United  States  and  coasts  un- 
der the  jurisdiction  thereof  and  the 
publication  of  chaits  cov«'rinir  said 
coasts.  This  includes  base  measure. 
triangulation,  topography,  and  hydro- 


graphy along  said  coasts;  the  survey 
of  rivers  to  the  head  of  tide-water  or 
ship  navigation ;  deep  sea  soundings, 
temperature,  and  current  observations 
along  said  coasts  and  throughout  the 
Gulf  and  Japan  streams;  magnetic  ob- 
servations and  rescawhes,  and  the  pub- 
lication of  maps  showiug  the  va- 
riations of  terrestrial  magnetism; 
gravity  research ;  determination  of 
heights;  the  determination  of  geo- 
graphic positions  by  astronomic  obser- 
vations for  latitude,  longitude,  and 
azimuth,  and  by  triangulation,  to  fur- 
ni.sh  reference  points  for  Slate  sur- 
veys. The  results  obtained  are  pul)- 
lished  in  annual  reports,  with  profes- 
sional papei*s  and  discussions  of  results 
as  appendices ;  charts  upon  various 
s<^ales,  including  sailing  charts,  general 
charts  of  the  coast,  and  harlwr  charts; 
tide  tables  issued  annually,  in  advance  ; 
Coast  IMlots,  with  sailing  directions 
covering    the    navigable    waters ;    No- 

I  tices  to  Mariners,  issued  monthly  and 
containinj?  current   information  neces- 

I  sary  for  safe  navigation  :  catalogues  of 
charts     and     publications,     and     such 

I  other  special  publications  as  may  be 
required  to  carry  out  the  organic  law 
governing  the  Survey. 


niTREAU  OF  STATISTICS. 

The  Bureau  of  Statistics  collects 
and  publishes  the  statistic's  of  our  for- 
eign commerce,  embracing  tables  show- 
ing the  imports  and  exports,  respect- 
ively, by  countries  and  customs  dis- 
tricts; the  transit  trade  inward  and 
outward  by  countries  and  by  customs 
districts;  imported  commodities  ware- 
houstnl.  withdrawn  from,  and  remain- 
ing in  warehouse:  the  imports  of  mer- 
chandise entered  for  consumption, 
showing  rjuantity,  value,  rates  of  duty, 
and  amounts  of  duty  collected  on  eaci: 
article  or  class  of  articles:  the  inward 
and  outward  movenient  of  tonnage  in 
our  foreign  trade  and  the  countries 
whence  (MitenMl  and  for  which  cleared, 
distinguishing  the  rationalities  of  the 
foreign  ves-?'»ls.  '^Phe  Bureau  also  col- 
lects and  puhlishes  information  iri  re- 
gard to  the  heading  commercial  niov*,'- 
nients  in  our  internal  <'oinmerce, 
nninng  which  are  the  coinmen*e  of  the 
fJreat  L.ik»"s :  the  commercial  move- 
ments in  our  internal  <*ommer<'e, 
among  which  are  the  commerce  of  the 
(Jrent  Lakes:  the  commercial  nu  ve- 
ments  at  interior  centers,  at  Atlantic. 
(Jnlf,  an<l  Pacilic  seaports;  shipments 
of  voal  and  coke ;  o<:eau  f  cel^lvt  \:«Lt^*^ 
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etc.  The  Bureau  also  publishes  daily 
and  monthly  the  reports  received  from 
United  States  consuls  and  special  re- 
ports on  various  subjects  supplied  by 
consuls  on  special  request ;  also,  an- 
nually, the  declared  exports  from  for- 
eign countries  to  the  United  States 
furnished  by  consuls,  and  the  annual 
report  laid  before  Congress  entitled 
''Commercial  Relations  of  the  United 
States." 

STEAMBOAT-INSPECTION  SEBVICE. 

The  Steamboat-Inspection  Service  is 
charged  with  the  duty  of  inspecting 
steam  vessels,  the  licensing  of  the  offi- 
cers of  vessels,  and  the  administration 
of  the  laws  relating  to  such  vessels 
and  their  officers  for  the  protection  of 
life  and  property. 

The  Supervising  Inspector-General 
and  the  supervising  inspectors  consti- 
tute a  board  that  meets  annually  at 
Washington,  and  establishes  regula- 
tions for  carrying  out  the  provisions 
of  the  steamboat-inspection  laws. 

BUREAU   OF  FISHERIES. 

The  work  of  the  Bureau  of  Fisheries 
comprises  (1)  the  i)ropagation  of  use- 
ful food  fishes,  including  lobsters,  oys- 
ters, and  other  shellfish,  and  their  dis- 
tribution to  suitable  waters;  (2)  the 
inquiry  into  the  causes  of  decrease  of 
food  fishes  in  the  lakes,  rivers,  and 
coast  waters  of  the  United  States,  the 
study  of  the  waters  of  the  coast  and 
interior  in  the  interest  of  fish-culture, 
and  tho  investigation  of  the  fishing 
groun.ls  of  tli(»  Atlantic,  Gulf,  and  Pa- 
cific coasts,  with  the  view  of  determin- 
ing tbi^ir  food  resonnes  and  t\w  devel- 
opment of  the  commercial  fisheries: 
i'^)  the  collection  and  compilation  of 
the  statistics  of  the  fisheries  and  the 
study  of  their  methods  and  relations. 

nUREAU    OF    NAVIGATION. 

The  Kurean  of  Navigation  is 
cliarjied  with  general  superintendence 
of  the  coniinercial  marine  and  mer- 
chant seamen  of  the  United  States,  ex- 
cept so  far  as  supervision  is  lo(lf:ed 
wltli  other  ottic(»rs  of  the  (Jovernnient. 
Tt  i^<  s])eciallv'  charged  with  the  de- 
cision of  all  (juestions  relating  to  the 
issue  of  nvi:isters.  enrollments.  an<l  li- 
censes of  v«*ssels  nn<l  the  filing  of  those 
<lo<  nnicnts,  with  the  siiiM'rvisi<Mi  of 
laws  relatin;;  in  tlic  atlincasureuM'nt. 
letters,    and    nunji>«'rs    of    vcs>cls.    and 


with  the  final  decision  of  QDestioitt 
concerning  the  collection  and  refund  of 
tonnage  taxes.  It  is  empowered  to 
change  the  names  of  vessels,  prepares 
annually  a  list  of  vessels  of  the  United 
States,  and  reports  annually  to  the 
Secretary  of  Commerce  and  Labor  the 
operations  of  the  laws  relative  to  navi- 
gation. 

BUREAU  OF  IMMIGRATION. 

The  Bureau  of  Immigration  ia 
charged  with  the  administration  of  the 
laws  relating  to  immigration  and  of 
the  Chinese  exclusion  laws.  It  super- 
vises ail  expenditures  under  the  appro- 
priations for  "Expenses  of  regulating 
immigration*'  and  the  "Enforcement  of 
the  Chinese  exclusion  act."  It  causes 
alleged  violations  of  the  immigration, 
Chinese  exclusion,  and  alien  contract- 
labor  laws  to  be  investigated,  and 
when  prosecution  is  deemed  advisable 
submits  evidence  for  that  purpose  to 
the  proper  United  States  district  at- 
torney. 

BUREAU  OF  STANDARDS. 

The  functions  of  the  Bureau  of 
Standards  are  as  follows:  The  custody 
of  the  standards :  the  comparison  of 
the  standards  used  in  scientific  investi- 
gations, engineering,  manufacturing, 
commerce,,  and  educational  institu- 
tions with  the  standards  adopted  or 
recognized  by  the  Government ;  the 
construction,  when  necessary,  of  stand- 
ards, their  multiples  and  subdivisions: 
the  testing  and  calibration  of  standard 
measuring  apparatus ;  the  solution  of 
problems  which  arise  in  connection 
with  standards :  the  determination  of 
physical  constants  and  properties  of 
materials,  when  such  data  are  of  great 
importance  to  scientific  or  manufac- 
turing interests  and  are  not  to  be  ob- 
tained of  snfficient  accuracy  elsewhere. 
The  Bureau  is  authorized  to  exercise 
its  functions  for  the  Government  of 
the  United  States,  for  any  State  or 
municipal  government  within  the  Uni- 
ted States,  or  for  any  scientific  society, 
edni-ational  institution,  firm,  coriwra- 
tion,  or  individual  within  the  T'nited 
States  engaifed  in  manufacturing  or 
nthei'  nnrsnits  requiring  the  use  of 
stand  u'ds  or  standard  measuring  in- 
struments. Kor  all  comparisons,  cali- 
hiatiniis,  tests,  or  investigations,  ex- 
(•epr  those  ])crfornied  for  the  Govern- 
ment of  the  United  States  or  State 
governments,  a  reasonable  fee  will  be 
«hari;e<l. 
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VTERNATIOXAL  BUREAl-  OF  THE  AMERICAN  REPUBUCS, 


ntemational  Bumu  of  thi? 
1  Republics  was  established 
e  recommendation  of  the  In- 
lal  American  Conference  in 
the  purpose  of  maintaining^ 
ations  between  the  several  Re- 
[)f  the  Western  Hemisphere, 
reorpinized  by  the  Intema- 
merican  Conference  of  10<H 
scope  widened  by  impost ni; 
w  and  important  duties.  A 
it  feature  of  the  new  arranze- 
8  the  foundation  of  the  Co- 
lemorial  Library.  The  Inier- 
Bureau  corresponds,  throui^h 
)maric  representatives  of  the 
jovemments  in  Washini^on. 
>  executive  departments  of 
remments,  and  is  required  to 
such    information   as    it    pos- 


sesses or  can  obtain  to  any  of  the  Re- 
pu!)Iics  makinir  requests.  It  is  the 
custodian  of  the  archives  of  the  Inter- 
national American  Conferences,  and  is 
espeiMally  charirvd  with  the  perform* 
anc^  of  duties  im|Kksed  upon  it  by 
these  conferences.  The  International 
Bureau  is  susraine<i  by  contributions 
from  the  American  Kepubii(*s  in  pro- 
I>ortion  to  their  population.  It  pub- 
lishes a  monthly  bulletin  i-ontaininir 
the  latest  offii-ial  information  respect- 
ing the  resoun-es,  commerce,  and  gen- 
eral features  of  the  American  Repub- 
lics, as  well  as  mai«  and  geographical 
sketches  of  these  countries,  which  pub- 
lications are  considered  public  docu- 
ments and  as  such  are  carried  free  in 
the  mails  of  all  the  Republics. — Con- 
:   gressional  Directory. 


AMERICAN    ASSOCIATION     FOR  THE  ADVANCEMENT 

OF     SCIENCE. 


erson  may  become  a  member 
ssociation  upon  recommenda- 
Titing  by  two  members  or  fel- 
I  election  by  the  council,  or  by 
ial  committee  of  the  (X)uncil 
in  Washington  and  enii>ow- 
pass  upon  applications  wlien- 
ive<l, 

dmission  fee  for  members  is 
.rs,  payable  in  ad  van  re.  The 
ues  for  members  and  fellows 
»  dollars,  payable  in  advance, 
il  j'ear  of  the  assoi'iation  be- 
luary  Ist,  and  meml)erH  and 
are  entitled  to  all  publica- 
oed,  and  to  the  privileges  of 
ngs  held  during  the  year  for 
ey  have  paid  dues, 
a  are  elected  by  the  connril 
h  of  the  members  as  are  pro- 
ly  engaged  in  science.  The 
of  fellows  is  by  ballot  and  a 
vote  of  the  members  of  the 
t  a  designated  meeting  of  the 


council.  On  the  election  of  any  mem- 
ber as  a  fellow,  an  additional  fee  of 
two  dollars  shall  be  imid. 

Any  member  or  fellow  who  shall 
pay  the  sum  of  fifty  dollars  to  the 
assoi'iation.  at  any  one  time,  shall  l>e- 
come  a  life  member,  and  as  such  shall 
be  exempt  from  all  further  assess- 
ments, and  shall  be  entitle<l  to  the 
proiWdings  of  the  assmMation.  All 
money  thus  received  shall  l)e  invested 
as  a  permanent  fund,  the  income  of 
which,  during  the  life  of  the  mem- 
l)er.  shall  form  a  part  of  the  general 
fund  of  the  asso<'iation :  but,  after  his 
death,  shall  be  use<l  only  to  assist  in 
original  research,  unless  otherwise  dl- 
re<-ted  by  unanimous  vote  of  the 
council. 

Any  person  paying  to  the  assoi'ia- 
tion  the  sum  of  one  thousand  dollars 
shall  be  classed  as  a  patron,  and  shall 
be  entitled  to  all  the  privii(>ges  of  a 
member  and  to  all  its  publications. 
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CHAPTER   Xn. 


POST   OFFICE. 


POSTAL  INFORMATION. 
Revised  by  the  New  York  Post  Office. 


>  arc  four  classes  of  mail  mat- 
Class  Matter — All  written 
siH'h  as  letters,  postal  cards, 
ards  "  and  all  matter  in  writ- 
fther  i)en-written  or  t.vpewrit- 
I  all  mattpr  sealed  from  inspec- 
nstitutes  **  First-class  Matter," 
nailahle  at  two  cents  an  ounce, 
ion  thereof.  Letters,  etc.,  may 
to  Canada,  Cuba,  the  "  Canal 
at  Panama,  (xuam.  Tutuila 
),  Shanghai  (China),  Mexico, 
lico.  Hawaii,  and  the  Philii)- 
Postal  cards  are  one  cent  each, 
r  *'  drop  '*  letters  are  two  cents 
ce  or  fraction  thereof,  when 
at  letter  carrier  offices,  or  at 
^'here  Rural  Delivery  Service 
en  established,  addressed  to 
thereof -who  may  be  served  by 
irriers,  and  one  cent  for  each 
)r  fraction  thereof  at  offices 
Tee  delivery  by  carrier  is  not 
led  or  at  rural-delivery  offices 
idressed  to  patrons  who  cannot 
d  by  the  carriers. 
—There  is  no  "drop"  rate  on 
•  fourth-class  matter :  the  post- 
which  is  uniform  whether  ad- 
for  local  delivery  or  transmis- 
the  mails. 

following  articles  are    included 
•class   matter :   As.sessment   no- 
utograph  albums.  l)lank  books, 
ritten     entries,     bank     che<'ks, 
orms  filled  out  in  writing,  re- 
visiting cards  bearing  written 
communications     entirely      in 
'ith   the  exception  of  name  of 
diplomas,    drawings   or   plans 
ing    written    words.    letters    or 
envelopes  l)earing  written  ad- 
imitations  or  reproductions  of 
'  typewritten  matter  not  mailed    I 
postoffice  in  a  minimnm  nnm-    I 
twenty  perfectly  identical  cop-    ! 
separate    addresses,    legal    and 
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other  blanks,  old  letters  sent  singly  or 
in  bulk,  all  sealed  matter,  stenographic 
or  shorthand  notes,  and  unsealed 
written  communications. 

Second  -Class  Matter — This  division 
includes  newspapers  and  other  periodi- 
cals, which  are  issued  as  often  as  four 
times  a  year.  The  rate  of  postage  on 
second-class  matter  when  sent  by  the 
publisher  thereof  and  from  the  office 
of  publication  to  subscribers  or  as 
sample  copies,  or  when  sent  from  a 
news  agency  to  actual  subscribers  or 
to  other  news  agents  for  sale,  is  one 
cent  a  pound  or  fra"tion  thereof,  ex- 
cept when  deposited  in  a  letter  carrier 
office  for  delivery  by  letter  carriers,  or 
mailed  free  within  the  county  of  publi- 
cation. Publishers  to  obtain  this  rate 
must  have  their  periodicals  entered  at 
their  local  post-office. 

I'hird-Ciass  latter — Embraces  all 
printed  matter  generally.  The  rate  of 
postage  is  one  cent  for  each  two  ounces 
or  fractional  part  thereof  sent  to  a 
single  address,  to  be  fully  prepaid  by 
ordinary  postage  stamps  affixed  there- 
to. The  following  named  articles  are 
among  those  subject  to  third-class  rate 
of  postage :  Almanacks,  printed  archi- 
tectural designs,  blueprints,  books 
(printed),  bulbs,  calendars  printed  on 
paper,  cards  printed  on  pai)er,  Christ- 
mas cards,  catalogues,  check  and  re- 
ceipt books  (blank),  circulars,  press 
<'lil)ping8,  school  copy  books,  printed 
engravings,  samples  of  grain,  imita- 
tion of  liand  or  typewritten  matter 
when  mailed  at  the  postoffice  window 
in  a  minimum  number  of  twenty  iden- 
tical copies  separately  addressed, 
pr-inted  labels,  legal  blanks,  lithographs, 
maps,  music  l>ooks,  photographs, 
plants,  printed  tags,  roots,  seeds,  sneet 
music. 

Fourth  -  Class  Matter  —  Embraces 
niorchandise,  samples,  and  in  general 
nil   articles  not  included  v\v  iVsfc  ^\^^^ 
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second  or  third  class.  The  rate  of 
postage  is  one  cent  an  ounce  or  frac- 
tion thereof  sent  to  a  single  address, 
to  be  pr^aid  by  ordinary  stamps 
affixed.  The  following  are  among 
articles  included  in  fourth-class  mat- 
ter: Albums,  photograph  and  auto- 
graph (blank),  artificial  flowers,  bill- 
heads, blank  books,  blotters,  botanical 
specimens,  celluloid  calendars,  blank 
cards,  celluloid,  dried  fruit,  dried 
plants,  electrotypes,  geological  speci- 
mens, maps  printed  on  cloth,  merchan- 
dise samples,  merchandise  sealed, 
metals,  napkins,  oil  paintings,  samples 
of  cloth,  samples  of  flour,  soap  wrap- 
l)ers.  stationery. 

Prohibited  Articles. — Many  articles 
are  excluded  from  the  foreign  mails, 
the  regulations  being  different  in  the 
case  of  each  country.  Inquiries 
should  be  made  of  the  postmaster. 
Many  articles  are  also  excluded  from 
domestic  mails  when  they  are  liable  to 


destroy,  efface,  or  injure  the  contents 
of  the  mail  bags  or  the  persons  of  those 
engaged  in  the  postal  service.  When 
in  doubt  consult  your  postmaster. 

Withdrawal  of  I/etters  from  the 
Mail. — It  is  not  generally  known  that 
a  letter  can  be  withdrawn  from  the 
mail.  For  good  and  sufficient  reasons 
and  satisfactory  identification  a  post- 
master may  telegraph  to  a  postmaster 
in  another  city,  asking  him  to  with- 
draw the  letter,  a  description  of  which 
is  telegraphed.  Special  care  is  then 
given  in  assorting  letters,  and  when 
the  letter  is  found  it  is  returned  to  the 
postmaster  of  the  city  where  it  was 
mailed,  who  delivers  it  to  the  person 
mailing  it  on  presentation  of  proper 
proof  of  ownership.  All  expenses 
must  be  borne  by  the  person  withdraw- 
ing a  letter  from  the  mail.  A  deposit 
of  ^5  must  be  left  with  the  post- 
master when  the  application  is  made. 
It  is  also  possible  to  withdraw  a  for* 


POSTAL  SERVICE 


Domestic. 


Argentine  Republic . 

Australasia 

Austria 

Belgium 

Bolivia 

British  India 

Bulgaria 

Chili... 

Costa  Rica 

Cuba 

Denmark 

Dominican  Republic 

I^Kypt 

France 

Oonnany. 

(Ireat  Britain 

Hungary 

Italy 

Japan  

Mexico 

Netherland.** 

Norway 

Portugal 

Roumania 

Rus.^iia 

Spain 

Swe«ien 

Switzerland 

I'nitcd  State*<  of 

America 

I'ruguay 


Number  of  letters. 


Postage 

prepaid. 

1 


169.385,020 

211,254.801 

440,676.600 

101.044,321 

787.467 

222.394,627 

3.7.39.812 

24.768.283 

1.820,831 

6.489,631 

74.223,431 

781,080 

12.060.000 

820.708.041 

1,5.57,079.710 

2.. 579. 500. 000 

118.1 21. (WiH 

198.004.428 

205.076.3-131 

.37.963.823 

80.455.526 

.3().695.,3()0 

22.. 56 1.727 

1 1.751.,5.'>h 

.3(K).822..581 

122.. 590. 8.54 

76. 920.. 3.50 

92.  .583, 210 

.3.732.031.9.38 
3.. 3.50. 544 


Not 

prepaid. 

2 


See  Col.  1 

See  Col.  1 

4.180  400 

427,856 

4.226 

28,462,364 

186,854 

448  609 


18,296 
99.418 
65.883 
300,000 
3.016.145 
.30.2.59,540 
See  (  ol.   1 
1.446.906 
4.670,0.35  I 
Sec  Col.  1     : 
74.3.  .5081 
.540.113 
202,600 
8.3.762 
1.121.401 
.5.476.878 

296.51.31 
33().2(M» 

139.151.8.37' 
31.1K9 


Number  of 
post  card.<<. 


3,588,604 

2,705.126 

264,989,700 

59,804.004 

24,170 

227.062.615 

6,042,720 

462.694 

69.726 

1.916,326 

4.764.940 

14,475 

590,000 

64,442.350 

1.062.679,460 

488.900.000 

8,5.193.768 

77.4.54,468 

48.3.021.736 

1 .087.300 

54.492.724 

4.199.700 

9.,543.240 

14.().57.K82 

97.701.412 

13.681.624 

.     37.739,367 

48.631,989 

740,087.805 
U>7.1()7 


Printe<l 
matt«r. 


Commer- 
cial pa|>ers. 


1.52.515,894 

43,064.753 

55  221 .700 

267,668.220 

340.629 

.59,367,51 1 

8.965..534 

948.864 

1,328,214 

902.500 

4,354,662 

459.867  i 

9.400,000 . 

1,130.475.202 

957,361,710 

176.400.000 

36.897,440' 

385.375,075 . 

156.514,420 

70,766.739 

164.793,766 

4..321.200 

24.145..500 

24.908.318 

80.444.160 

194.884,182 

11,363,997 

-     41.226.016 


3..306.582.333  i 
14,442.140 


S©e  Col.  4 
38.227.430 

1.797.i» 

10,900 

See  Col.  4 

90.304 

4.9M 

366.104 

1. 050.300 


80.000 

43,811,675 

8.460.270 

809.800.000 

9.341.668 
3.286..W.') 
See  Col.  4 

57.3f"0 

477.787 

207.4.S1 

4,190.274 

99.9S5 
194.07H 


362.042 


♦  Figures  cover  b*»th 
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from  the  mall,  and  in  that 
[epoHiE  is  f25.  Any  uiirx- 
ance  is,  of  couree,  relurued. 


In  (hel'nited  SlateK  Iwhicli 


Hrv 


,   I'o 


I    Itio 


a.  Samoa)  :  also  for  Onlerx 
Canada.  Cuba.  NewtouiiJ- 
"nited  States  Postal  Agenoy 
■i  (China),  the  Philinpine 
larbadOH.     (irenada.     Saint 

St.  Vincent. 
lers  for  sums  not  exceeding 
TjO  and  not  eiceedins  f5.0t). 
1)0  and  not  exceeding  fW.m. 
lO.IN)  and  not  rxifcdinK 
2(M)0     and     not     exceeding 


Over    S30.(K)    and 

?4(I.O0.  ]5  <-ent8. 

Over     S40.00     and 
JTiIMM),  18  cents. 


exceeding 
exceeding 
exceeding 
exireeding 
exceeding 


Xote.— Tlip   mHximum    amount    for 

whii-h  n  xinelp   Money  Order  may  be 

iiisued  in  J1IN).     When  n  Inricer  sum  is 

to  tie  sent  additional  Orders  must  be 

olitained.    Any  number  of  Orders  may 

be  drawn  on  any  Money  Order  office; 

I   but.  if  Orders  are  drawn  in  excess  of 

■   $'^H}  on  anv  one  day  upon  an   office 

I   nf  the  4th  cIrsr.  notice  of  the  fact  by 

I   Ipller  (or  I'orm  (XKt")  is  to  he  prorapl- 

I    ly  sen!  the  Deimrtment  by  (he  issuing 

I   I'oHtmaster  so  thai   provision   may  be 


eedinc  c«1uini>i< 


"^3,; 


Number  \  Numbsr 


319.110.054 
333,558,872 
S3e.380,»X|i 
*53,433.7ei  , 
1,231.264 1 

22!2i»!79ol 
5S.80.'>,378| 
3.H44.132I 


3,781.6.12.620! 


m!n28|  i5bJi7!u2ol  ?.3so!is.ifl4al  izi 


9.243.  WJ»1      16.2l)5,n5] 


1^73   183I69S* 


r,TS2.<24 
1.811.840 
1,616.865 


2.490.8112      10,916.IMI|       377.4'^ 


OS.t.WUtl       3,078.113: 
18.04.1.172'       6,472,827 


133.719,746       10.349 


10.474 ,3'27        32S.925,«f 
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SUGGESTION  TO  THE  PUBLIC  ON  POSTAL  SUBJECTS. 


How  TO  Direct  and  Mail  LETTERa. — Mail 
matter  should  be  addressed  legibly  and  com- 
pletely, giving  the  name  of  the  postoffice, 
county  and  State,  and  the  postoffice  box  of 
the  person  addressed,  if  he  has  one;  if  to  a 
city  having  a  free  delivery,  the  street  and 
number  should  be  added.  To  secure  return 
to  the  sender  in  case  of  misdirection  or  insuffi- 
cient payment  of  postage,  his  name  should  be 
written  or  printed  upon  the  upper  left-hand 
cr>mer  of  all  mail  matter;  it  will  then  be  re- 
turned to  the  sender,  if  not  called  for  at  its 
tiesti nation,  without  going  to  the  Dead  Letter 
Office,  and,  if  a  letter,  it  will  be  returned 
free. 

Dispatch  is  hastened  by  mailing  early, 
especially  when  large  numbers  of  letters,  news- 
papers or  circulars  are  mailed  at  once. 

When  a  number  of  letters  or  circulars  are 
mailed  together,  addressed  to  the  same  desti- 
nation, it  is  well  to  tie  them  in  bundles  with 
the  addresses  facing  the  same  side.  On  letters 
for  places  in  foreign  countries,  especially 
Canada  and  England,  in  which  many  post- 
offices  have  the  same  name  as  offices  in  the 
United  States,  the  name  of  the  country  eh 
well  as  postoffice  should  be  given  in  full, 
letters  addressed,  for  instance,  merely  to 
"Ix>ndon,"  without  adding  "England."  are 
frequently  sent  to  London.  Canada,  and  vice 
vena,  thereby  causing  delay,  and  often  serious 
loss.  Letters  addressed  to  Burlington,  N.  8 
(Nova  Scotia),  often  go  to  Burlinj^ton,  New 
York,  on  account  of  the  resemblance  between 
S  and  Y  when  carelessly  written. 

Avoid  Thin  Envelopes. — Thm  envelopes, 
or  those  made  of  weak  or  poor,  unsubtantial 
paper,  should  not  be  used,  especially  for  large 
packa^^.  Being  often  handled,  and  sub- 
jected to  pressure  and  friction  in  the  mail 
bags,  such  envelopes  are  frequently  torn 
open  or  burst,  without  fault  of  those  who 
handle  them.  It  is  best  to  use  Stamped 
Envelopes  wherever  it  is  convenient  and 
practicable  to  do  00. 


Registered  Valuable  Matter. — All  val- 
uable matt^  shoi^ld  be  registered.  Registry 
fee  is  eight  cents,  which,  with  full  postage, 
miL<*t  be  prepaid,  and  name  and  address  of 
sender  must  be  given  on  the  outside  of  envel- 
ope or  wrapper.  Money  should  be  sent  by  a 
money  order  or  registered  letter;  otherwise 
it  is  liable  to  be  lost. 

The  Convenience  or  Letter  Boxes. — 
Patrons  in  cities  where  letter  carriers  are 
employed  are  advised  to  provide  letter  boxes 
at  places  or  private  residences,  thereby  saving 
much  delay  in  the  delivery  of  mail  matter. 

Affix  Stamps  Firmly. — Postage  stamps 
should  be  placed  upon  the  upper  right-hand 
corner  of  the  address  side  of  all  the  mail 
matter,  care  being  taken  that  they  are 
securely  affixed. 

General  Suggestions. — A  subscriber  to  a 
newspaper  or  i>eriuilical  who  changes  his 
residence  and  postoffice  should  at  once  notify 
the  publisher,  and  have  the  publication  sent 
to  his  new  address. 

PubliRhers  and  news  agents  mailing 
second-class  matter  in  quantities,  will  facili- 
tate its  distribution,  and  often  hasten  its 
dispatch,  by  separating  such  matter  by  States 
and  Territories  and  the  larger  cities. 

Hotkl  Matter. — That  is,  matter  aildressed 
for  delivery  at  hotels,  should  be  returned  to 
the  postoffice  as  soon  as  it  is  evident  that  it 
will  not  be  claimed.  Proprietors  of  hotels, 
officers  of  clubs  and  boards  of  trade,  or  ex- 
changes, should  not  hold  unclaimed  letters 
longer  than  ten  days,  except  at  the  request  of 
the  person  addressed,  and  should  re-direct 
them  for  forwarding,  if  the  present  address  is 
known;  otherwise  they  should  be  returned  to 
the  postoffice. 

Letters  a<idressed  to  i)ersons  temporarily 
sojourning  in  a  city  where  the  Free  Delivery 
System  is  in  o()eration  should  be  marked 
"Transient"  or  "(leneral  Delivery."  if  not 
addressed  to  a  »treet  and  number  or  some 
other  designated  place  of  delivery.  —  Poet 
Office  Guide. 


THE  UNITED   STATES   POST   OFFICE. 
POSTAL   REVENUE    IN   DETAIL    FOR    YEAR    ENDING    JUNE  30.   1903. 


The  postal  revenue  from  all  sources  was  as 

follows: 

Sales  of  stamps,  stamped  en- 
velopes, newspaper  wra(>- 
pers,  and  postal  cards  ...  .   $123,511,540.70 

Second-clam  postage  (pound 

rates)  paid  in  money 5,095.379.02 

Box  rents 3.005,075 .  Oti 

Hevenue  from   money-order 

business 2.2.39.908  24 


letter  postage  jiaitl  in  money, 
principally  balances  due 
from  foreign  {>ostal  admin- 
istrations   

Miscellaneous  receipts 

Fines  and  i>enalties 

Receipt  >J  from  unrlairneil 
(load  letter.-i 


T«>ttvV  Tece\\A> 


1^180.426  83 
58.105.94 
46.470.04 

20.921.81 


834 
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EXPENDITURES  IN  DETAIL. 


The  expenditures  of  the  postal  service  for 
the  year  are  shown,  by  items,  in  the  following 
statement : 
Transportation  of  mails  on 

railroads $36.195,116. 18 


Compensation  to  postmasters 

Free-delivery  service 

Compen8ation  of  clerks  in 
post-offices 

Railway  mail  service 

Rural  free  delivery 

Transportation  of  the  mails 
on  star  routes 

Railway  post-office  car  ser- 
vice  

Transportation  of  foreign 
mails 

Rent,  liffht.  and  fuel  for  first, 
second,  and  third-class 
post-offices 

Compensati(m  to  assistant 
postmasters  at  first  and 
second-class  post-offices  . . 

Mail-me8sen||^r  service  ..... 

Transportat  ion  of  mails — 
regulation,  screen,  or  other 
wagon  service 

Manufacture  of  stamped  en- 
velopes . 

Transportation  of  mails  on 
steamboat.s 

Mail  de()redations  and  post- 
office  inspectors 

Transportation  of  the  mails, 
electric  and  cable  cars.  .  .  . 

Manufacture  of  postage 
stamps 

Mail  bags  and  catchers 

Miscellaneous  items  at  first 
and  second  class  offices  . .  . 

Canceling  machines 


21.631.724  04 
19.337,986.00 

17.140.651.11 

11.228.845.75 

8.011.635.48 


6.561,819 

6,033.464. 

2.427,160 


35 
22 
36 


2.360.968.91 


1.622,730.12 
1,091,259.98 


828,707.93 

724.787 .  37 

634,957.08 

543,976.55 

440.420.41 

336,437.10 
274.219.71 

256,620.98 
195.803.46 


Manufacture  of  postal  cards. 

Balance  due  foreign  coun- 
tries.   

Registered  package,  tag, 
official,  and  dead-better  en- 
velopes   

Pneumatic-tube  service .... 

Payment  of  money  orders 
more  than  one  year  old.  . . 

Wrapping  twine 

Transportation  of  the  mails, 
special  faciliti» 

Blanks,  blank  books,  etc., 
for  money-order  service  .  . 

Stationery  for  postal  service. 

Postal  laws  and  regulations  . 

Printing  facing  slips,  slide 
labels,  etc 

Postmarking  and  rating 
stamps 

Mail  locks  and  keys 

Wrapping  paper 


Expenditures  under  24 
smaller  items  of  appropri- 
ation   


$188,865.96 
153.539.82 


150,754  82 
142.867.04 

141.390  68 
132.635  47 

122.347  18 

112,179.20 
68.760.66 
51.826.48 

46,862.47 

42,572.95 
42,534.33 
39.835.04 


138,816,264.21 


176.202.06 


Total    expenditures   for 

the  year 138,401,466.27 

Add  expenditures  during  the 
year  on  account  of  previous 
years 293,021 .70 

Total  expenditures  dur- 
ing the  year 138,784,487.97 

Excess  of  expenditures  over 

receipts 4,560.044.73 

Receipts $134,224,443.24 


Number  of  money-onler  of- 
fices in  operation,  1902  .  ,  . 

Number    of    in(inoy-<»r<ler  of- 
fices in  MperiUion,  1903  .  .  . 

Number  of  domestic  money 
orders  i.s.-jued,  1903 


MONEY  ORDER  BUSINESS 
31,680 


34.547 
45.941.081 


I 


Amount  of  domestic  orders 

is.sued,  1903 $353,627,648.03 

Amount  of  orders  paid  and 

repaid,  1903 353,173,320.52 

Excess  of  receipts  over  ex- 
I>en.'*cs,  paid  from  the  pro- 
ceeds. 1903 1.904.887.63 


NIMBI :U    OF     PO.ST    OFFICES.     EXTENT    OF     POST-ROUTES,    AND     REVENUE 

AND  EXFENDITUHES  OF  TIIi:    POST  OFFICE    DEPARTMENT,  INCLUDING 

AMOl'NTS    PAID    FOR     TR ANSPOHT.VTION    OF     THE     MAIL. 

IS77,   1S8:,   1S97,  AND   1003. 


Year  ending 
June  30  — 


1877 
18^7 
1S97 
1903 


Post- 
office."^. 


K.xtent 
of  post- 
route<«. 


Number.       Mile*. 


.37.34") 
.')").  1  .'»7 
71.0L'2 
74.Hi9 


292.820 
373.112 
-470,032 
.''>(><i.2<iS 


Revenue  of 

(he  Dcr)art- 

ment. 


Dollars. 

27.531.. 585 

4.S.K.37,<)10 

.s2.6()5.4r)3 

134.224.443 


I].\pen<le<l  for  transporta- 
tion of — 


Domestic  mail.    Foreign  mail. 


Total  expendi- 
ture of  the 
Department. 


Dollars. 

18.774,235 
27.892.t>4<> 
48.028.094 
(J2.<K)0.015 


)ollars. 

Dollars. 

448,896 

402,523 

1.890.099 

2.580.700 

33,486,322 

53.006,194 

94,077.242 

138.784,488 

—  From  the  .\nnual  Report^  of  the  Postmaster-General. 
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AAILROAD    UILEAGE  UPON  WHICH  HAIL  WAS  CARRIED,  ANNUAL  COST  AND 

AVERAGE    COST    PER    MILE    OF    RAILROAD    MAIL    TRANSPORTATION, 

AND  EXPENDITURE  FOR  RAILWAY  MAIL  SERVICE  EMPLOVEES. 


Toll]  lait 

sis- 

dJc'Ti. 

R.Llro«di. 

Annual  (rans- 
BortBlion 

R.ilr^,1^n 

.Lit™.. 

Rsltwuy  M 

•i[  Servio*. 

Lt'SS. 

» 

Aversgo 

u.nu«l™t 
fwrmile. 

Number    ! 
l)loy«s. 

exfl^^i- 

1877.-- 

1903:": 

If 

Mile*. 
I30!»49 
K2.SS2 

Uil«. 

Z73.ieO.3Sfl 
333.401.684 

DollsfK. 
.1060 

:i256 

2.S00  , 
10:418 

DoLlani. 
2,484.846 

li;!50;042 

le  PostniBster-Cen 
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IXTERXATIONAL.    INSTITUTIONS    AND    BUREAUS. 


THE  NOBEL  PRIZES. 


The  Nobel  Foundation  is  based  upon 
the  last  will  and  testament  of  Dr.  Al- 
fred Bombard  Nobel,  engineer  and  in- 
ventor of  dynamite,  dated  November 
27,  1895,  the  stipulations  of  which, 
respecting  this  fund,  are  as  follows  : 

"The  rest  of  my  fortune,  that  ia,  the 
capital  realized  by  my  executors,  is  to 
constitute  a  fund,  the  interest  of  which 
is  to  be  distributed  annually  as  a  prize 
to  those  who  have  in  the  course  of  the 
previous  year  rendered  the  greatest  ser- 
vices to  humanity.  The  amount  is  to 
be  divided  into  five  equal  parts,  one  of 
which  is  to  be  awarded  to  the  person 
who  has  made  the  most  important  dis- 
covery in  the  domain  of  physical  sci- 
ence ;  another  part  to  the  one  who  has 
made  the  most  valuable  discovery  in 
chemistry  or  brought  about  the  great- 
est improvement;  the  third  to  the  au- 
thor of  the  most  important  discovery 
in  the  field  of  physiology  or  medicine ; 
the  fourth  to  the  one  who  has  pro- 
duced the  most  remarkable  literary 
work  of  an  idealist  tendency,  and 
fiiially  the  fifth  to  the  person  who 
has  done  the  best  or  the  most  in  the 
cause  of  the  fraternity  of  nations,  for 
the  suppression  or  the  reduction  of 
standing  armies  as  well  as  for  the  for- 
mation and  propagation  of  peace  con- 
?:resses.  The  prizes  will  be  awarded 
or  physics  and  chemistry  by  the 
Swedish  Academy  of  Sciences :  for 
works  in  physiology  or  medirine  by  the 
Caroline  Institute  of  Stockholm  :  for 
literature  by  the  Stockholm  Academy, 
and  finally  for  the  service  in  the  cause 
of  peace  by  a  Committee  of  five  mem- 
bers of  the  Norwegian  Storthing.  It 
is  ray  express  desire  that  the  benefits 
of  the  foundation  are  to  be  open  to  all 
nationalities  and  sexes  and  that  the 
prize  be  awarded  to  the  one  most  wor- 
thy, whether  Scandinavian  or  not." 

Each  prize  will  amount  to  about 
$40,000,  and  the  corporation  will  desig- 
nate a  **Comit6  Nobel"  composed  of 
thr<*e  or  five  members  for  each  sec- 
tion, with  headquarters  at  Christiania, 
Norway. 

The  Swedish  Academy  of  Sciences, 


Stockholm,  awards  the  Physics  and 
Chemistry  Prizes;  the  Caroline  Medi- 
cal Institute,  Stockholm,  awards  the 
Prize  for  Physiology  or  Medicine ;  the 
Swedish  Academy  in  Stockholm 
awards  the  Literature  Prize;  and  the 
Peace  Prize  is  awarded  by  a  Commit- 
tee of  five  persons  elected  by  the  Nor- 
wegian Storthing.  No  consideration 
is  paid  to  the  nationality  of  the  candi- 
dates, but  it  is  essential  that  every 
candidate  shall  be  proposed  in  writing 
by  some  qualified  representative  of  sci- 
ence, literature,  etc.,  in  the  chief  coun- 
tries of  the  civilized  world,  such  pro- 
posals to  reach  the  Committee  before 
the  first  of  February  in  each  year,  the 
awards  being  made  on  the  following 
10th  of  December.  Nobel  Institutes 
are  to  be  established  in  each  of  the  five 
departments,  to  carry  out  scientific  in- 
vestigations as  to  the  value  of  the  dis- 
coveries and  improvements,  and  to  pro- 
mote the  other  objects  of  the  Founda- 
tion. 

The  first  distribution  of  prizes  took 
place  in  1901,  the  awards  being  :  Peace, 
MM.  Dunant  and  l*assy ;  Sledicine, 
Dr..  Behring,  of  Marburg;  Chemistry, 
Prof.  J.  H.  van  't  IloflP,  Berlin;  Phy- 
sics, Prof.  U()ntgen :  and  Literature, 
.M.  Sully  Prudhorame. 

The  19<)2  Prizes  were  awarded  as 
follows :  Literature,  Prof.  Theodor 
Mommsen,  of  Berlin ;  Peace,  MM.  Du- 
commun  and  Gobat  (Switzerland)  ; 
Medicine,  Major  Ronald  Boss,  of  the 
School  of  Tropical  Medicine,  Liver- 
pool;  Chemistry,  l*rof.  Emil  Fischer,of 
Berlin;  Physics. divided  })etween  Profs. 
Loivntz  and  Zeemann,  of  Holland. 

The  VMKi  Prizes  were  awarded  thus: 
Peace,  .Mr.  W.  It.  Cromer,  M.  P.;  Lit- 
erature, M.  Bjiirnson  ;  Medicine,  Prof. 
Finsen.  of  Copenhagen ;  Physics,  Prof. 
Becquerel.  of  Paris,  and  Mme.  Curi6, 
of  Paris :  Chemistry,  Prof.  Arrhenius, 
of  Stockholm. 

All  information  can  be  obtained 
from  Nobelstiftelsen,  Stockholm,  or 
as  to  the  Peace  Prize,  from  the  Comity 
Nobel  NorvOgien.  Victoria  Terrasse,  7, 
III.,   Christiania. 
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THE  ANTHONY  POLLOK  PRIZE. 


No  doubt  maDj  inventors  are  won- 
derinfc  what  disposition  has  been  made 
of  the  Anthony  Pollok  Prize.  Com- 
munications which  have  been  received 
by  the  editor  from  Paris  state  that, 
owing  to  the  unsatisfactory  results  of 
the  former  competition,  the  founders 
of  the  prize  were  undecided  as  to 
what  should  be  done.  Before  taking 
any  steps  it  was  thought  advisable  to 
make  an  investigation.  The  Inter- 
maritime  Association  in  Paris  sent  out 
letters  to  the  leading  maritime  asso- 
ciations, chambers  of  commerce  and 
boards  of  trade  of  the  principal  mari- 


time cities  of  the  world,  asking  for 
advice  as  to  the  best  methods  to  be 
pursued  in  order  to  obtain  more  satis- 
factory results  in  a  possible  future 
competition.  Many  replies  were  re- 
ceived and  a  large  number  of  sugges- 
tions made. 

A  report  containing  the  various  rec- 
ommendations and  suggested  changes 
was  submitted  by  the  Intermaritime 
Association  but  a  short  time  ago. 
The  founders  of  the  Anthony  Pollok 
Prize  intend  shortly  to  pass  upon  the 
report  and  adopt  resolutions  for  the 
final  disposition  of  the  prize. 


INTERNATIONAL  INSTITUTIONS  AND  BUREAUS. 


Feeling  that  a  large  majority  of  our 
readers  may  not  have  access  to  the 
sources  of  information  from  which  the 
following  data  are  drawn,  we  take  the 
liberty  of  presenting  them  with  the 
most  interesting  facts  concerning  the 
origin  and  composition  of  some  of  the 
International  Institutions  and  Bu- 
reaus in  which  the  United  States  as 
a  power,  and  we  as  a  people,  are  in- 
terested. 

I.  THE  PERMANENT  COURT  OF  ARBITRA- 
TION. 

This  court,  more  popularly  known 
as  The  Hague  Tribunal,  was  consti- 
tuted by  virtue  of  the  convention  for 
the  pacific  regulation  of  international 
question3,  conchulod  at  The  Hague, 
July  29,  1891).  (Offiro,  Prinsegracht 
71,  The  Hague.) 

Administrative  Council. — President : 
The  Minister  for  Foreign  Affairs  for 
Holland.  Members :  The  diplomatic 
representatives  of  all  the  signatory 
powers  accredited  to  The  Hague. 

Members  of  the  Permanent  Court  of 
Arbitration. — Since  the  individuals 
themselves  are  constantly  changing  by 
ill  health  or  death,  we  shall  content 
ourselves  by  giving  the  signatory  pow- 
ei*s  alone,  letting  it  suffice  to  say  that 
these  powers  appoint  their  most  dis- 
tinguished men.  preferably  lawyers,  to 
the  position.  Tliey  are:  Austria-Hun- 
gary, Belgium.  Bulgaria.  Denmark, 
France,  Germany.  Great  Britain, 
Greece.  Holland,  Italy,  Japan.  Lux- 
emburg, Mexico,  Portugal.  Roumania. 
Russia,  Servia,  Spain,  Sweden  and 
Norway,  Switzerland,  and  the  United 
States.* 


pos- 
the 


II.      THE     UNIVERSAL     INTERNATIONAL 
POSTAL    UNION. 

The  Universal  Postal  Union,  found- 
ed by  the  Congress  at  Bern  in  1874. 
constitutes  a  single  territory  for  the 
reciprocal  exchange  of  correspondence 
between  the  Postal  Departments  of 
the  nations  present  at  the  Congress. 
Its  scope  has  been  further  enlarged 
and  developed  by  succeeding  conven- 
tions and  conferences  at  Bern  (1876). 
Paris  (1880),  Lisbon  (1885).  Vienna 
(1891),  and  Washington  (1897)  ;  to- 
day it  comprises  all  the  states  and 
all  the  colonies  having  organized 
tal  systems,  including  nearly 
whole  world. 

To  the  chief  convention  of  the 
Union,  regulating  the  exchange  of 
letters,  postal  cards,  printed  matter, 
official  papers  and  samples  have  from 
time  to  time  been  added,  special  ar- 
rangements concluded  between  the 
most  of  the  members  having  for  their 
object  the  international  interchange 
of  letters  and  packages  possessing  a 
declared  value,  postal  money  orders, 
postal  packages  and  collections,  to- 
gether with  a  passport  service  and  a 
department  for  the  subscription  to 
journals  and  other  publications. 

A  central  office,  created  by  the  Con- 
gress at  Bern,  has  its  seat  in  that  city 
and  is  known  under  the  name  of  The 
International  Bureau  of  the  Universal 
Postal  Union.  It  performs  its  labors 
under  the  supervision  of  the  Swiss 
Postoffice  Department.  The  ordinary 
annual  expenses  of  this  office  were  first 
fixed  at  75.()()()  francs,  later  advanced 
to  100.900  and  finally  increased  to 
125.000  francs,  by  the  Congress  of  Vl- 
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enna.  The  funds  are  provisionally  ad- 
vanced by  the  Swiss  Government, 
which  is  reimbursed  by  all  the  con- 
tracting: parties  in  proportion  to  their 
importance. 

This  bureau  is  charged  with  col- 
lecting, co-ordinating,  publishing  and 
distributing  information  of  whatever 
nature  appertaining  to  internation- 
al postal  affairs.  Its  duties  are  al- 
so to  issue,  upon  the  demand  of  any 
one  of  the  members  of  the  Union,  a 
note  upon  questions  in  litigation,  to 
examine  into  the  demands  for  the 
modification  of  the  acts  of  the  Con- 
gress, to  give  notice  of  any  adopted 
changes,  and  in  general,  to  proceed 
with  the  studies  and  labors  with  which 
it  is  seized  in  the  interest  of  the  pos- 
tal union.  It  prepares  a  table  of  gen- 
eral statistics  for  each  year:  it  edits 
a  special  journal  "L'Union  postale"  in 
the  German,  French,  and  English  lan- 
guages :  it  prepares  the  work  of  the 
Congresses  or  Conferences,  publishes 
and  keeps  up  to  date  a  dictionary  of 
all  the  postoffices  in  the  world,  and  at- 
tends to  the  balancing  and  liquidation 
of  the  accounts  between  the  various 
postal  administrations  which  have  de- 
clared their  willingness  to  make  use  of 
it  as  an  intermediary.  Tlie  total 
amount  of  the  liquidations  in  VM)2 
reached  the  considerable  sum  of  40,- 
113,785.57  francs  ($9,822,757.11). 
Throughout  the  territory  controlled  bv 
the  Union.  24,001,000,000  pie<'ea  were 
exchanged  in  1901 ;  of  these  51  0(K).000 
were  letters  and  packages  having  a  de- 
clared  value  of  45,2as.000.000  francs 
($9,056,600,000)  ;  460,000,000  postal 
orrlers  were  sent,  amounting  to  24.- 
147,000,000  francs  ( $4,829.800,fKX) )  ; 
moreover,  2,275,000.()()0  journals  were 
delivered  through  the  postal  bureau  for 
subscriptions  to  such  publications. 

III.    INTERNATIONAL   BUREAU   OF   TELE- 
GRAPHS. 

This  bureau  is  a  central  organ  in- 
stituted in  1868  by  the  Intornational 
Teleg^'aphic  Conference  at  Vienna  and 
placed  by  it  under  the  high  dirertion 
of  the  superior  authorities  of  the  Swiss 
Confederation.  Its  object  is  to  form 
a  permanent  bond  between  the  tele- 
graphic services  of  the  differpiit  states 
which  compose  the  Union,  to  farilitato 
the  uniform  application  of  the  ar- 
rangements they  have  re<!olved  ui)on.  to 
colle<rt  and  redistribute  documents  and 
information  of  mutual  utility,  to  car- 
ry on  such  work  and  publications  as 


arc  of  interest  to  the  service,  notably 
to  prepare  work  for  the  Conferences 
and  publish  their  acts.  This  bureau 
has  its  seat  in  Bern,  and  its  expenses 
are  temporarily  advanced  by  the  Swiss 
Confederation,  which  is  later  reim- 
bursed by  the  members  of  the  Union, 
of  whom  there  at  present  47,  covering 
a  superficial  area  of  62,100.000  souare 
kilometers,  (23,970,000  square  miles), 
and  comprising  within  its  circuits  a 
population  of  866,000,000  souls. 

The  recent  Conference  at  London 
in  1903  simplified  the  matters  of  tar- 
iff and  accounting  very  greatly.  The 
participants  in  the  benefits  of  this 
.  treaty  are  now :  The  whole  of  Europe, 
I  British  India,  the  Dutch  Indies,  Cey- 
lon, the  Portuguese  colonies  in  Asia, 
Siam,  French  Cochin-China,  Persia, 
Japan,  Asiatic  Russia,  and  Asiatic 
Turkey,  Egypt,  Tunis,  Cape  Colony, 
Natal,  East  African  colonies,  and  the 
British  prote<*torate  of  Uganda,  Portu- 
guese East  and  West  Africa,  Madagas- 
car, Algiers  and  Senegal,  the  Repub- 
lics of  Argentine.  Brazil  and  Uruguay, 
the  Australian  Confederation,  com- 
prising South  and  West  Australia, 
New  South  Wales,  Queensland,  Tas- 
mania, Victoria,  New  Zealand  and 
New  Caledonia.  Besides  the  countries 
above  mentioned,  the  following  are  in- 
timately connected  with  the  general 
system  which  encircles  the  globe : 
China,  the  Philippines,  British  Ameri- 
ca, the  United  States,  almost  all  the 
Greater  and  lesser  Antilles,  Central 
and  South  America,  Morocco  at  Tan- 
gier, the  Azores,  Island  of  Madeira, 
the  Canaries  and  Cape  Verde  Islands, 
as  well  as  those  of  Ascension  and  St. 
Helena,  the  Eastern  and  Western 
coasts  of  Africa,  together  with  the  isl- 
ands of  Seychelles.  Maurice,  Rodri- 
guez. Cocos.  and  so  forth. 

It  is  estimated  that  the  number  of 
dispatches  forwarded  in  1901  by  the 
countries  above  named  amounted  to 
more  than  400,000.000. 

IV.     INTERNATIONAL     BUREAU     OF 
WEIGHTS    AND    MKASUKKS. 

I  Bv  virtue  of  the  Metric  Convention 
signal  at  Paris,  May  20.  1S75,  the 
I  States  of  (lermany,  Argentine  Repub- 
'  lie,  Austrin-llunjrary,  Belgium.  Den- 
mark, Spain,  United  States,  France, 
Italy,  Pern.  Portugal.  Russia.  Swe- 
den and  Norway.  Switzerland,  and 
Venezuela,  engaged  to  found  and  sus- 
tain, at  common  exnense,  an  Interna- 
tional BwreaM  o^  "W^K^V^  vcA>^ft»ap 


340 


SCIENTIFIC    AMERICAN    REFERENCE    BOOK. 


ures,  of  wliicli  the  neat  sliuuld  t>e  at 
Sevres,  neat*  Paris.  It  is  furthermore 
stipulated  in  that  Convention,  that  the 
Bureau  should  perform  its  labors  un- 
der the  surveillance  of  an  international 
committee,  itself  subject  to  a  fireneral 
Conference  of  weights  and  measures 
comi>o.sed  of  all  the  delegates  from  the 
contracting  States.  This  convention 
l>ecame  oiierative  from  the  first  of  Jan- 
uary, istr». 

V.     INTERNATIONAL    UNIONS    FOR    TUE 
•  PROTECTION    OF    INDUSTRIAIm    LITER- 
ARY   AND    ARTLSTIC    PROPERTIES. 

The  T'nioii  for  tlio  l*rotection  of  In- 
dustrial Property  was  founde<l  nt 
Paris.  March  2<),  1883,  by  z  conven- 
tion to  which  11)  States  were  i)artie$«. 
l*hey  wei'e  Belgium.  Brazil,  Denmark, 
Franc<*.  Geinuiny,  (Jreat  Britain,  Hol- 
land. Italy,  Japan.  Mexico.  Norway 
and  Sweden.  Portugal,  Servia,  Spain, 
Santo  Domingo,  Switzerland,  Tunis, 
and  the  I'nited  States.  The  object 
of  the  union  is  to  assure  tlie  proiec- 
tion  of  inventions,  designs  and  models 
of  an  industrial  character,  trademarks, 
firm  names  and  indications  of  origin. 
This  convention  was  completed  and 
modified  by  an  additional  act  signed 
at   Brnsseis,   Deeeinber   14.    IIHX). 

Moreover,  on  April  14.  18iM.  agree- 
ments were  signed  at  Madrid  con- 
stituting restrictive  unions,  viz.:  1. 
International  registration  of  manu- 
facturing !ind  trademarks  and  the  pro- 
tection of  these  marks  in  all  the  con- 
tracting countries  by  the  single  regis- 
tration at  an  Inlernational  Bureau. 
The  parlies  to  liiis  ameeinent  were  1^1- 
giuin.  Brazil.  Krance,  Holland,  Italy. 
Portugal.  Spain.  Switzerlan<l.  and 
Tunis.  2.  Tlie  suppression  of  (nUo 
induations  t>f  origin:  Brazil.  France. 
Great  Britain,  Portugal,  Spain.  Swit- 
zerland, and  Tunis.  The  arrange- 
ment of  ISDl.  concerning  the  interna- 
tional re<;istration  of  Marks,  was 
coniplete<l  and  modified  by  an  addi- 
tional act  signed  at  Brussels,  Decem- 
ber 14.  11M)0. 

The  I'nion  for  the  Protection  of 
Literary  and  .\rtistic  Property,  found- 
ed at  Bern.  September  1>.  lHSr»,  com- 
prisi'd  fourte(»n  states:  l^eltrium.  Den- 
mark. France.  (Ireat  Britain.  (Jer- 
many.  Haiti.  Italy,  .lapan,  Luxemburc. 
Mona<'0.  Norway.  Spain.  Switzerlan<l. 
and  Tunis. 

The  obje<t  of  t)»is  union  is  to  assure 
effective  protect  i(»n  to  autlior**  for 
their    literary    works,    and    to    enable 


artists  to  enjoy  the  same  secarity  in 
their  artistic  productions  througfaoot 
the  whole  territory  covered  by  the 
union.  This  convention  was  completed 
and  modified  by  an  additional  act 
and  an  interpretative  declaration  8igne<l 
at  Paris,  May  4,  18iK>.  Both  of  these 
unions  are  represented  by  a  separate 
International  Bureau  establishefl  at 
Bern,  and  placed  under  the  same  direc- 
torate. 

VL    BUREA17    FOR    THE    REPRESSION    OF 
THE    SLAVE   TRADE  ON    THE   AFRICAN 

(X)A8T. 

'Hiis  bureau  was  instituted  in  the 
execution  of  the  (aeneral  Act  of  the 
Conference  of  Brussels  of  the  2d  of 
July.  1890,  and  attached  to  the  De- 
partment for  Foreign  Affairs  of  Bel- 
gium. 

Article  81. — The  Powers  will  com- 
municate to  the  greatest  extent  possi- 
ble and  with  the  least  possible  delay : 

1.  The  text  of  the  existing  laws 
and  administrative  regulations  or 
edicts  for  the  application  of  the 
clauses  of  the  present  (General  Act. 

2.  Statistical  information  concern- 
ing the  slave  trade ;  slaves  taken  and 
freed:  the  traffic  in  arms  and  am- 
munition, and  also  in  spirits. 

Article  82. — The  exchange  of  these 
doiuments  and  circulars  will  be  cen- 
tralized in  a  special  bureau  attached 
to  the  Department  of  Foreign  Affairs 
at    Brussels. 

Article  84. — The  doi'uments  and 
circulars  shall  be  collected  and  peri- 
odically published,  and  forwarded  to 
all    the   signatory    powers. 

Article  8r>. — The  exi>enses  of  run- 
ning the  bureau,  of  correspondence,  of 
translation  and  printing,  shall  l>e  met 
by  all  the  signatory  powers,  and  re- 
covered by  the  Department  of  Foreign 
Affairs  at  Brussels. 

VII.     INTERNATIONAL     UNION     FOR    THE 
PUBLICATION   OF  CI'STOMS   TARIFFS. 

The  International  Pnion  for  the 
Publication  of  Customs  Tariffs  was 
founded  by  an  international  convention. 
July  ;*).  ISfKK  and  concluded  between 
fifty-two  states  and  semi-independent 
colonies.  The  object  of  the  union  is  to 
publish  as  promptly  and  as  correctly 
as  possible  all  the  tariffs  of  the  world 
in  five  languages,  viz..  English.  French. 
German.  Italian,  and  Spanish.  The 
bureau  has  its  seat  at  Bnissels.  and  is 
under  the  direct  control  of  the  Gov- 
ernment   of    Ik^lgium.     The    members 
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are  delegates  from  the 
ties  whose  language  is 
>lications. 

ONAL  BUREAU  OF  RAIL- 
ANSPORTATION. 

14,  1890,  an  intemn- 
)n  upon  the  transpor- 
andise  by  railroad  was 
»rn,  between  Germany, 
:;e.  Italy,  Luxemburg, 
ria-IIungary,  Russia, 
I.  Denmark  and  Rou- 
later. 

f  this  convention  was 
law  governing  interna- 
tation  between  the  di- 
he  railways  and  the 
acilitate  the  execution 
tion  an  international 
rtation  bureau  was  in- 

3. 

REAU  OF  INTERNATIOX- 
STABLISHED  UPON  THE 
{O,   NEAR  POTSDAM. 

nreau  has  existed  since 
e  creation  of  the  Prus- 
nstitute  it  was  united 
in  1869.  The  object 
Institute  is  to  culti- 
7  scientific  researches, 
stronomical  and  physi- 
ms  which,  joined  with 
erminations,  may  serve 
ion  of  the  surface  of 


the  earth,  more  particularly  within 
Prussian  territory. 

The  labors  of  the  institute  for  the 
present  bear  more  particularly  upon 
the  astronomical  determinations  of  the 
vertical  in  longitude  and  latitude,  as 
well  as  upon  astronomical  data  upon 
as  many  points  of  the  geodetic  system 
as  possible ;  moreover,  upon  the  de- 
termination of  zenithal  distances  for 
convenient  points,  also  upon  the  deter- 
mination of  the  density  and  force  of 
gravitation ;  it  devotes  its  attention, 
furthermore,  to  researches  upon  the 
mean  level  and  variations  in  the  sea- 
level  :  to  the  examining  into  the  re- 
fraction of  luminous  rays  by  the  at- 
mosphere ;  finally,  it  is  ot^-upied  with 
all  theoretical  and  experimental  re- 
searches which  contribute  to  the  ex- 
amination of  the  surface  and  the 
geodesy  of  the  country. 

The  Geodetic  Institute  is  placed 
under  the'  immediate  supervision  of 
the  Minister  of  Ecclesiastical  Affairs, 
Public  Instruction,  and  Medical  Af- 
fairs of  Prussia. 

The  Academy  of  Sciences  is  the 
consulting  organ  of  the  Minister  in 
all  the  important  affairs  of  the  Insti- 
tute. Conformably  to  the  conventions 
agreed  upon  between  the  contracting 
parties,  the  Institute  i)erforms  the 
functions  of  a  Central  Bureau  for  in- 
ternational geodesy.  Tlie  director  of 
the  bureau  is  at  the  same  time  director 
of  the  Institute. — Almanach  de  Gotha. 


CARNEGIE  HERO  COMMISSION. 


Carnegie  gave  $5,000.- 
I  to  be  known  as  the 
J  Fund  Commission,** 
ng  devoted  to  the  re- 
ho  perform  heroic  acts. 


The  fund  became  operative  April  15, 
1904,  and  no  applications  on  account 
of  heroic  acts  performed  prior  to  that 
date  will  be  considered.  The  head- 
quarters of  the  fund  are  in  Pittsburg. 


RHODES   SCHOLARSHIPS. 


fr.  Cecil  Rhodes,  in  his 
rage  and  foster  an  ap- 
the    advantages    which 

the  union  of  the  Eng- 
eople  throughout  the 
encourage  in  Rtn<lents 
1  States  of  America  an 
he  country  from  which 
ng.  without  withdraw- 
thies  from  the  land  of 

or  l>irth.  directs  his 
tablish  sixty  colonial 
'  male  students  of  ^^.- 
'  for  three  years  at  the 
Oxford,  these  colonial 
ng  spread  over  most  of 


the    colonies,    twenty-four    being    al- 
lotted to  South  Africa. 

Two  Oxford  scholarships  are  to  be 
allotted  to  each  of  the  existing  States 
and  Territories  of  the  United  States 
of  America — 104  in  all.  By  a  codicil 
executed  in  South  Africa.  Mr.  Rhodes, 
after  stating  that  the  German  Em- 
peror had  made  instruction  in  English 
conii)ulsory  in  (ierman  schools,  estab- 
lishes fifteen  scholarships  for  students 
of  (ierman  birth  (five  in  each  of  the 
first  three  years  after  his  death),  of 
$1.*J."»()  each.  t<Mmble  for  three  years,  to 
be  nominated  by  the  German  Emperor, 
for    "a    good    understanding    between 


So  tkmt  thtt  mwkfMM 

Ut  wmnlT  U^&fcvocML  regard  it  t»  be 
hail  MK  4Ci}r  to  tb«fr  "literuT  orf 
•Hbolaxt^t  attuBBmUL*  tat  also  t» 
tbnr  "ifmdvam  of  awl 
Ir  oatdcrtr  fporta.  qaalhica  of 
bood.  tmtb.  ooorajpe.  4leTotMB  to  datj. 
sj-iBMiJijr  for  aibd  pfot«tioB  of  the 
weak,    kiadliBcaB.    omt-ifishncaL    and 


of^bia  taca  or  relifio 
riwIafB  are  to  bi 
all  tW  coUefci 
Caiiafsitj  of  Ozfoid.  and  tb 
be  an  aaaaal  dinner  of  past  i 
cnt  actalais  and  tmateea. 

Dr.  G.  B.  Pirfcin.  Principi 
Upper  Canada  8cbooL   Tora 
appointed    organiaing    W^t 
tnistees.— ""Dailr  MaiP  Tear 


THE    CAKNEGIE  IXSnTTTlOX. 


Tbi*  imtitotion  was  founded  1^  Mr. 
Andnw  Cam«i^e  for  tbe  promotioD 
of  orifiinMl  nwearrb  in  »eience.  liten- 
tare  and  art.  lie  aet  aside  $10,100.- 
000  for  tbe  purpose.  Tbe  tnterat  is 
omd  to  crondoct,  endow  and  aasict  in- 
reirt:fation  in  anj  department  of 
ikrlen^-e.  literature,  or  art.  and  to  tbi* 
end  «.-o-or^rate  vitb  goremmenta.  uni- 


Terntiea.  colleges,  tedinical 
Ifarned  societies,  and  indiiido 
beadqoarters  of  tbe  institntic 
Washington.  Prof.  D.  C.  G 
tbe  President,  and  Mr.  Cb 
Waleott  ia  tlie  Secretai? 
grants  bare  already  been  m 
tile  investigationa  have  beei 
tant. 


CHAPTER  XIV. 


MINKS    AND    MIXING 


MARY  OF  THE  MINERAL  PRODUCTION  OF  THE  UNITED 

STATES  IN  1902. 


GENERAL  REMARKS. 

02,  for  the  third  time,  the  total 
f  the  commercial  mineral  pro- 
of the   United   States  exceed - 
enormous  sum  of  ^1,000.000,- 
'he  exact  figures  for  1002  were 
530,415      as     compared      with 
>84,a51   in   1001.  with  $1,0(53,- 
in   1000.  and  with  $072,208.- 
1800.  a  gain  of  1002  over  1001 
,0C»4.414,  or  10.02  per  cent;  a 
10<^»2  over  1000  of  $100.0(51,- 
18.52  per  cent :  and  a  gain  of 
ver    1800   of   $288,431,407.    or 
er  cent.     Although  this  gain  is 
?reat  either  actually  or  propor- 
as  was  the  gain  in  1800,  when 
n  over  1808  was  $273,fK)1.810. 
7  per  cent,  it  is  sufiicient  to  be 
of  note. 

notable  gains  and  losses  of  the 
3  decades  are  as  follows : 
largest  actual  gain  was  that  of 
er  1808.  $273.(J01 .810,  or  30.17 
r :  next,  that  of  1002  over  1001, 
3.700.  or  10.02  per  cent :  then 
1  of  1805  over  1804.  which  was 
.822.   or  17.88   per  cent:    then 
10(K)  over   18f)0.   $0 1 .4(W,340. 
per  cent :  and  the  gain  of  1887 
^80,   $74,027,880.   or   10.81    per 
[n  other  years  than  those  men- 
between    1880    and    1808    the 
R'ere    not    noteworthy,    and    in 
■  the  years,  notably  in  1884.  the 
ion    decreased    $40,451,008,    or 
0  per  cent.     Ourinc  the  iiulus- 
'pression  of  1802-1805  the  pro- 
would   have   been   expc<to(l   to 
as   it   did,   goine    from   $(US.- 
in    18.02    to    .<.574.404.724    in 
nd  to  $527,070,225  in  1804.  and 
sing  to   $021,205,047   in    1805, 
t  reaching  tlie  output  of  1802 
508. 

eretofore,  iron  and  coal  are  the 
nportant  of  our  mineral  prod- 
The  value  of  the  iron  in  1002 
172,775,000;   the  value   of  coal 


$307,032,000.  Nearly  all  the  impor- 
tant metals  increased  in  both  output 
and  value;  and  among  the  less  im- 
portant metals,  platinum,  as  com- 
pared with  1001.  lost  in  both  quantity 
and  value  even  more  than  it  gained  in 
1001  as  compared  with  1000,  the  pro- 
duction in  1002  being  04  ounces,  val- 
ued at  $l,ol4.  as  compared  with  1,408 
ounces,  valued  at  $27,52(5,  in  1001, 
with  ^00  ounces  in  1000,  and  with  300 
ounces  in  1800.  The  fuels  increased 
from  $442,410.J)04  in  1001  to  $4(50.- 
078.(J47  in  1002.  a  gain  of  $20,(507,743, 
or  (5  per  cent.  Every  variety  of  fuel 
increased  in  value  except  anthracite 
coal,  which  showed  a  decrease  in  quan- 
tity of  23,301.8.50  long  tons  and  in 
value  of  $3(»,330.434.  The  average 
price  of  anthracite  coal  per  long  ton 
at  the  mine  w^as  $2.35,  as  against  $2.0,5 
in  IIK)! — the  highest  figure  then  ob- 
taincHl  since  18S8 — as  compared  with 
$1.85  in  1000.  and  with  $1.80  in  1800; 
and  the  average  price  per  ton  for  bitu- 
minous coal  at  the  mine  was  $1,125, 
as  compared  with  $1,047  in  1001.  The 
increase  in  value  of  the  bituminous 
coal  output  over  1001  w^as  $54,430,- 
434. 

The  gain  of  $174.0(54,414  in  the  to- 
tal value  of  our  mineral  production  is 
due  to  the  increase  in  both  metallic 
and  nonmetallic  products,  the  metal- 
lic ])roducts  showinsf  an  increase  from 
.*518.2(»(J,250  in  1001  to  $(542.258,58 1 
in  UH)2.  a  gain  of  $123,002,325,  and 
the  nonmetallic  ])ro(lucts  showing  an 
increase  from  $507,318,502  in  1001  to 
$017.380.8.31  in  llHrj,  a  gain  of  $50,- 
072.080.  To  these  proflncts  should  be 
added  estimated  unspecified  products, 
including  building,  molding  and  other 
sands  reported  to  this  office,  the  rare 
mineral  molybdenum,  and  other  min- 
eral products,  valued  at  $1,000,000, 
making  the  total  mineral  production 
for  1002  $1,200,030,415. 

The  manufacture  of  arsenious  oxide, 
noted  for  the  first  time  in  the  United 
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States  in  the  report  for  1901,  was  con- 
tinued in  increased  proportions  in 
1902. 

METALS. 

Iron  and  Steel. — Twenty-two  States 
made  pig-iron  in  1902,  as  against  21 
in  181>9  and  1900,  and  20  in  1901.  The 
total  production  of  pig-iron  in  1902 
was  17,821. JW7  long  tons,  against  15,- 
878,354  tons  in  11M)1.  13.789,242  tons 
in  1900,  13,020,703  tons  in  1899,  11.- 
773,934  tons  in  1898,  and  9,052,080 
tons  in  1897.  The  production  of  1902 
shows  an  increase  of  1.942,953  long 
tons,  or  12.2  per  cent,  in  quantity 
over  the  production  of  1901,  and  in 
increase  in  value  from  ^242,174.000  to 
$372,775,000.  amounting  to  $130,(501.- 
000,  or  about  54  per  cent.  The  aver- 
age price  per  long  ton  of  pig-iron  in- 
creased from  $15.25  in  ltM)l  to  $20.90 
in  1902.  The  average  prices  per  long 
ton  in  recent  years  have  been  as  fol- 
lows: 1900.  $18.85:  18J)9.  $18:  1897, 
$9.85:  189(),  $10.47;  1895,  $11.14; 
1894,  $9.70. 

Iron  OrcH. — The  production  of  iron 
ores  in  11K)2  amounted  to  35,5.54,135 
long  tons,  as  compared  with  28,887,479 
long  tons,  in  1901,  a  gain  of  r»,G<Uv 
(J5r»  long  tons,  or  23  per  cent.  TTie 
value  at  the  mines  of  the  ore  mined  in 
V.H)2  was  )f;(»5.4 12,950.  As  in  the  four 
|)reviuus  years,  the  production  of  iron 
ores  in  11H)2  in  the  Ignited  States  has 
never  been  e<iualed  by  any  other  coun- 
try. There  were  mined  also  in  1902. 
13,275  long  tons  of  mnnganiferous 
iron  ore.  valued  at  $52,371.  which 
were  used  in  the  production  of  spiegel- 
oisfMi. 

fiohl. — The  i)i()(luction  of  gold  in 
lIMrj.  as  n'portod  by  the  Hiireau  of  the 
.Mint,  was  .'{.STO.CMM)  line  ounces,  val- 
ued at  .$Sn,0()O.(HM). 

N//*t;*. --The  production  of  silver  in 
19(^2,  as  reported  by  the  Hur(»au  of  the 
Mint,  was  .">.">,.'>( M^OiK)  fine  oun<*es ; 
coiuincr  value.  $71,757,575;  commercial 
vabie.  .i;2*.),415,(KK>. 

\hnuKinrsc  (>n\<t, —  The  ])roduction 
of  manjrane^e  ores  increas«^l  from  11,- 
995  long  tons,  valued  at  .SI  1(5.722,  in 
1901.  to  1(5.477  lon^  tons,  valued  at 
$177,911.  in  lIMrj,  an  in<rease  in 
(juautity  of  4.472  tons  and  in  value  of 
.'»Jr»l.lS!li.  'J'be  averatre  juice  per  ton 
was  .'<1(K74  in  llMrj.  as  comp:n-ed  with 
$I>.73  in  r.Mil   and  with  .SS..52  in  UXM). 

ro/>/>< /-.--The  copper  miuiuir  indus- 
try suffered  duriiiir  ItHrj  from  the  re- 
action which  I'ollowed  the  uusucces*<ful 
attempt  in  VM)\  to  maintain  the  metal 
at  an  artiticial  level.     The  production. 


however,  increased  from  602,072^19 
I)ound9  in  1901  to  (^9.508,644  pound* 
in  1902,  an  increase  of  57,430.1^) 
IM)unds,  or  about  9  i>er  cent,  in  quao- 
tity.  but  decreased  in  value  from  $87.- 
300.575  in  1901  to  $7(5,568,954  in 
1902,  a  decrease  of  $10,731.5(51,  or 
about  12  per  cent.  Unless  unforeseen 
events  cause  widespread  or  long  stop- 
page at  the  mines,  the  production  of 
copper  in  the  United  States  will  be 
considerably  larger  in  1903  than  it  hai 
ever  been. 

Tjcad, — The  production  of  lead  ht* 
l)een  almost  exactly  the  same  for  the 
last  three  years,  viz.,  270,000  short 
tons   in   1902,   270.700   short    tons  in 

1901  and  270,824  short  tons  in  IflOO.     , 
The  value  of  the  production  in  1902    ! 
was   $22,140,000,    as    compared    with 
$23,280,200   in    1901,   and   with  $23,- 
504.688  in  1900. 

Zinc, — The    production    of    xinc    in 

1902  showed  a  continue<l  increase  in 
quantity  as  compared  with  1901  ami 
1900,  the  production  being  156.927 
short  tons  in  1902,  as  compared  with 
140,822  short  tons  in  1901  and  with 
123.ooi>  short  tons  in  19(X).  The  value 
of  the  zinc  production  in  1902  was 
$14.(»25.,59(],  as  compared  with  $11.- 
2(55.7(50  in  1901  and  with  $10,654,19(5 
in  1900. 

Aluminum.  —  The  production  of 
aluminum  during  1902  was  7,300.000 
pounds,  valued  at  $2,284,590,  as  i-om- 
pared  with  7.150,0(X)  pounds,  valued  ftt 
$2.238.(KX)  in  1901,  and  with  7.150.000 
pounds,  valued  at  $1,920,000  in  1900. 

Platinum. — The  production  of  plati- 
num from  domestic  ores  in  the  United 
States  during  1902  was  94  ounces, 
valued  at  $1,814,  as  compared  with 
1.408  ounces,  valued  at  $27,526  in 
11M)1. 

Quicksilvrr.  —  The  production  of 
(|uicksilver  during  1902  amounted  to 
34.291  flasks  of  1(\K  pounds  net.  as 
compared  with  21>.727  flasks  in  1001 
and  with  28.317  flasks  in  19(K).  The 
value  of  the  quicksilver  produced  in 
11M)2  was  $1,467,848,  as  compared 
with  $l,;iS2,3(K5  in  1901  and  with 
$1,3()2.5S(;  in  19(K).  California  re- 
ported 28.972  flasks  in  1902,  as  <H)ro- 
pared  with  2(5.720  flasks  in  1901  :  and 
Texas  reported  5.319  flasks  in  1902, 
as  against  2,9.32  flasks  in  1901.  In 
addition,  the  census  rejwrts  10.427 
tons  of  crude  or  cinnabar,  valued  «t 
$(57,242,  mined  in  California,  and 
1.3(M>  tons  of  cinnabar.  vahie<]  at 
$1.5(H).  mined  in  Texas  in  1902.  but 
not  roasted  or  tnnited.  a  total  of  11,- 
727  short  tons  of  cinnabar,  valued  at 
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The  total  production  of  both 
er  and  cinnabar  in  1902  was 

valued  at  $1,550,090. 
m. — The  production  of  lithi- 
terals  in  1902  was  1,245 
ins,  valued  at  $25,750  at 
Iroad,  a  decrease  of  505 
1  amount       and       of      $17.- 

value  as  compared  with 
(uction  of  1901,  which  was 
IS,  valued  at  $43,200.  As  far 
e  ascertained  the  greater  part  i 
thium  minerals  mined  during 
s  not  shipped.     Although  the   | 

these  minerals  was  lower  in    ' 
n  in  1901  for  the  same  grade 
•al,  there  was  apparently   no 
in  the  home  demand.     There 
er,  an  increase  in  the  deman<l 

minerals  from  foreign  chem- 
ufacturers. 
. — The  production  of  metallic 

1902  was  5,748  pounds,  val- 
2,701,  as  compared  with  0,700 
valued  at  $3,551  in  1901. 
ony. — No  antimony  was  ob- 
om  domestic  ores  during  1902. 
mony  obtained  from  the  smelt- 
reign  imported  ores  amounted 
lort  tons,  valued  at  $129,120, 
antimony  obtained  from  hanl 
luced  from  foreign  and  domes- 
ores  was  2,904  short  tons. 
t  $5o5,240,  a  total  production 
of  3,501  short  tons,  vahied  at 
,  as  compared  with  '2AuV,) 
s,  valued  at  $539,902,  in  1901. 
mated  total  amount  of  anti- 
ilable  for  consumption  in  1902 
»5  short  tons,  including  2,<>94 
IS  of  imported  antimony  r^g- 

compared  with  4,475  short 
luding  1,837  short  tons  of  im- 
ntimony  regulus  in  1901.  and 
53  short  tons,  including  1.S27 
IS  of  imported  antimony  rogii- 
KX). 
th. — No    bismuth    ores    woro 

in  the  United  States  during 
Tie  marketed  output    in   11K)1    \ 
.0  short  tons.      The   ore   con-    | 
old  and  silver,   for  which   tho 
s   were    paid.      As    nearly    as   ; 
iscertained,    the   value   of   tho   ' 
n   1901   was  $80  per  ton.   not    ' 
r    charges    for    transportation 
nent.  ' 

dcnum. — The     ])roduction     of    \ 
mm    in     1902    was    appmxi- 
he  same  as  that  of  1901.  bur    i 
the   product   was   shipped    in    , 
he  value  of  these  molybdenum 
'ery  erratic,  the  hisrliest  pri(«» 
quoted  being  $1,r»(K>  i)er  ton, 
lowest  $10^). 


Tungsten. — The  production  of  tung- 
sten during  1902  was  184  short  tons  of 
crude  ore,  of  which  no  more  than  a  few 
tons  were  sold.  This  does  not  repre- 
sent the  amount  of  tungsten  ore  sold 
in  1902,  for  70  tons  of  concentrated 
ore,  mined  in  1901,  were  sold  in  1902. 
In  1901  the  production  amounted  to 
179  tons  of  concentrated  ore,  valued 
at  $27,720.  The  larger  part  of  the 
production  of  1902  was  from  Colo- 
rado. 

Uranium  and  Vanadium.  —  There 
was  a  marked  increase  in  the  produc- 
tion of  uranium  and  vanadium  min- 
erals in  11K)2,  which,  as  reported  to 
the  Survey,  amounted  to  3,810  short 
tons,  valued  at  $48,125,  or  $12.02  per 
ton.  This,  of  course,  represents  the 
crude  ore.  In  1901  the  production  was 
375  tons  of  crude  ore. 

FUELS. 

Coal. — For  the  first  time  in  the  his- 
tory of  the  United  States  the  produc- 
tion of  coal  reached  a  total  of  over 
300,000,000  short  tons,  showing  an 
actual  output  of  301,590,439  tons  of 
2,000  pounds,  valued  at  $3(;7,032,009. 
Of  this  total  the  output  of  anthracite 
coal  amounted  to  3fi,940.710  long  tons 
(equivalent  to  41.373,595  short  tons), 
which,  as  compared  with  the  produc- 
tion of  00.242,5<M)  long  tons  in  1901. 
was  a  decrease  of  23,301. 8,'»0  long  tons, 
or  about  39  per  cent.  This  decrease, 
as  is  well  known,  was  due  entirely  to 
the  suspension  of  operations  by  the 
strike  in  the  anthracite  region  from 
May  10  to  October  2.3,  a  little  over 
five  months.  But  for  the  strike  the 
output  for  the  year  would  probably 
have  been  over  ()5,<M)0,(MH)  long  tons. 
The  value  at  the  mines  of  the  anthra- 
cite coal  in  1902  was  $70,173,580,  as 
against  $112,504,020  in  1901,  a  loss  of 
about  32.3  per  cent.  The  average 
value  of  the  marketed  coal  sold  during 
the  year  at  the  mines  was  $2.,35  per 
long  ton.  the  value  in  1901  having 
been  $2.05. 

The  output  of  bituminous  coal 
(which  includ(*s  semi-antliracite  and 
all  semi-bituminous  and  lignite  coals  > 
M mounted  in  llMrj  to  2(MK210.S44  short 
tons,  valued  at  $29<)..S.'>8.483,  as 
against  225.S2S.1  \9  short  tons,  valued 
at  $23t;.422.049  in  UH)1.  The  increase 
in  the  production  of  bituminous  coal 
was.  therefore.  34.388.095  tons  in 
quantity  and   $54,430,434   in   value. 

Out  of  30  States  and  Territories  pro- 
ducing coal  in  1902,  seven — California. 
Michigan.  New  Mexico,  Oregon,  Penn- 
sylvania. Texas  and  Washington — had 
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The  production  of  bituminous  coal 
in  Pennsylvania  in  1002  exceeded  that 
of  11)01  by  15,755,8T4  short  tons,  but 
was  not  sufficient  to  overcome  the 
great  loss  in  anthracite  production. 
The  States  in  which  the  more  impor- 
tant increases  occurred  w^ith  the  cor- 
responding gains  are  as  follows :  Illi- 
nois. r),r)47,751  short  tons ;  Colorado, 
2,:n4.412  short  tons;  Ohio,  2.444,577 
short  tons:  Indiana,  2.208.371  short 
tons;  Alabama,  1,400,805  short  tons; 
Kentucky,   1,103,170  short   tons. 

Coke. — The  coke  production  of  the 
Tnited  States  in  KK)2  exceeded  that 
of  any  year  in  our  history.  The  pro- 
duction, which  includes  the  output 
from  1,0(>3  retort  or  by-product  ovens, 
amounted  to  25,401,730  short  tons,  as 
compared  with  21.705,88.3  short  tons 
in  1JK)1,  and  with  20.533,348  short  tons 
in  1000.  The  increase  in  1002  over 
1001  amounted  to  3,005,847  short  tons, 
or  10.5  per  cent.  Large  as  this  in- 
crease was,  it  was  considerably  less 
than  it  would  have  been  had  the  trans- 
portation facilities  been  commensurate 
with  the  demand  for  coke  and  with  the 
productive  capacity  of  the  ovens.  The 
incnnise  in  the  value  of  coke  was  even 
more  noteworthy.  The  average  price 
per  ton  at  the  ovens  was  the  highest 
recorded  in  a  period  of  tweuty-three 
years,  and  the  total  value  reached  the 
high  figure  of  $(K^.*i.30,107.  an  increase 
over  liX)l  of  .$18,803,241,  or  42.5  per 
cent.  The  value  of  the  coal  used  in 
the  manufacture  of  coke  in  10(rj  ex- 
coeded  that  of  1001  by  .$7,032,.')(j:5, 
from  which  it  appears  that  tlie  value 
of  the  coke  product  incroased  .$10,070,- 
r»Sl  over  :ind  above  the  increased  value 
of  the  coal  usrd  in  its  production.  In 
1001  the  highest  price  obtained  for 
Connellsvillo  furna'o  <'oke  was  .$4.25. 
In  Septeml)er  and  Octol)er  of  1002. 
while  the  contract  coke  was  nominally 
quoted  at  .$3  per  ton.  consumers  were 
]>aying  from  $10  to  .$12  per  ton  for 
I)r()mpt  delivery,  and  .$l."i  was  rci)ortc(l 
as  paid  for  this  fuel  at  one  time.  With 
the  termination  of  the  anthracite  strike 
in  the  latter  i>art  of  Otober  T)rices  for 
coke  n"i<  kly  declined,  but  in  I)eceniber 
of  10<>'*  ft^r-'^nrp  coke  fo"  ])ro!npt  deliv- 
ery i^'as  still  commanding:  .$.5  and  .$0 
per  ton,  and  contracts  for  delivery  in 
the  first  six  months  of  1003  were  made 
a  I  iiom  .>."i.T.'»  to  .$4  j>er  ton. 

CtGfi,  (U)h'(',  Tar  and  Ammonia. — The 
agijregnte  value  of  all  the  products  ob- 
tained from  the  distillation  of  coal  in 
gas  works  or  retort  ovens  in  1002  was 
.$-13,Sr>0,J40.  About  two-thirds  of  this 
nnwuDt,    or   ^20,342,881,    was   repre- 


sented Irr  the  value  of  the  gas  pro- 
duced. The  value  of  the  coke  produced 
was  $11,267,008,  and  the  tar  w 
worth,  at  the  works.  $1,873,900.  The 
total  quantity  of  ammoniacal  liquor 
sold  was  40,490,009  gal  Ions,  contia- 
ing  14,083,374  pounds  NHa,  and  m 
worth  at  the  works  $1,065,300.  li 
addition  to  this  there  was  an  actual 
production  of  11,276,502  pounds  of 
sulphate,  which  sold  for  $319,683. 

Petroleum, — The  total  production  of 
crude  petroleum  in  the  t  nited  States 
in  1J)()2  was  88,766.916  barrels,  as 
against  69,389,104  barrels  in  19(»1.  an 
increase  of  10,377,722  l)arrels.  or  27J9I2 
per  cent,  over  the  production  of  1901 
and  of  30.52  per  cent  over  that  of  1900L 
'i  he  greatest  portion  of  the  increase  ia 
1002  came  from  Texas  and  California, 
the  gain  over  1001  being  13,690,000 
barrels,  or  311.6  per  cent,  for  Texas, 
and  5,107.0,38  barrels,  or  59.16  per 
cent,  for  California.  The  increase  in 
Indiana  in  1002  over  1001  was  1.723,- 
810  barrels,  or  about  30  per  cent. 
Louisiana  produced  for  the  first  time 
in  1002,  the  production  being  .548.617 
barrels.  The  increase  over  1901  in  the 
production  of  Kansas  was  152..'S9S  Iwir- 
rels,  or  about  85  per  cent.  Kentucky 
and  Tennessee  increased  their  produce 
tion  in  1002  by  48.072  barrels,  or 
nearly  35.02  per  cent.  Indian  Terri- 
tory increaswl  37.000  barrels  and  Wj- 
oming  853  barrels  as  compared  with 
1001.  The  largest  decrease  in  produc- 
tion in  1002  as  compared  with  1901 
was  in  West  Virginia,  where  it 
amounted  to  063,781  barrels,  or  about 
4,5  per  cent,  and  Ohio  in  62  fields 
showed  a  decrease  of  6.33.8.52  barrels, 
or  nearly  3  per  cent.  The  decrease  in 
Pennsylvania  was  561,888  barrels,  or 
about  7  per  cent;  in  Colorado.  O.019 
barrels,  or  about  13.81  per  cent.  The 
IxTcentages  of  production  for  fields 
show  a  remarkable  change  from  1900 
to  1002.  In  1000  the  percentages  were: 
Appalachian  field,  .57.0.5:  Lima-Indi- 
ana field,  34.20;  all  other  fields.  8^id. 
In  1002  the  respective  percentages 
were:  Appalachian  field.  36.07:  L'ma- 
Indiana  field.  26.31  :  all  other  field.^ 
about  37.02.  The  value  of  cnide  pe- 
trr)leum  produced  during  1902  was 
J?71, 178,010.  or  80.19  cents  per  ba^ 
rel,  as  compared  with  $66,417,335.  or 
05.7  i)er  barrel,  in  1901 — a  decrease  of 
15.51  cents  per  barrel,  or  16  per  cent, 
in  1002. 

Xatural  Gas. — The  value  of  the  nat- 
ural gas  produced  in  1902  increased  to 
,S.3(».S07.0r»8,   as   compared   with  $27.- 
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with  $20,074,873  in  1800— a 
J  per  cent  in  1902  over  1901. 

BUCTURAL  MATERIALS. 

-The  value  of  all  kinds  of 
itone  produced  in  the  United 
ring  1902  amounted  to  $64,- 
as  compared  with  $55,015,- 
01,  with  $44,321,345  in  1900, 

$44,090,670  in  1899. 
roducts. — The  activity  in  all 

of  the  clay-working  indus- 
k1   in   1899,   1900  and   11K)1, 

during  1902.  The  value  of 
products  as  reported  to  the 
he  Geological  Survey  in  1902 
t,169,531,  as  compared  with 
>87  in  1901,  and  with  $9(>.- 
n  1900.  The  brick  and  tile 
in  1902  were  valued  at  $98,- 
ts  compared  with  $87,747,727 
nd  with  $76,413,775  in  IJKK). 
?ry  products  were  valued  in 
24.127.453,  as  compared  with 
iO  in  1JK)1  and  with  $19,798,- 
00. 

ay  mined  and  sold  by  those 
ifacturing  the  product  them- 

1902  was  valued  at  $2,061,- 
ompared   with  $2,57< 5.9,32   in 

with  $1,^40.377  in  19(M). 

'. — The    total    production    of 

cement  in  the  United  States 
ras  25,753,504  barrels,  valued 
6,380,  as  compared  with  20,- 
arrels.  value<l  at  $15,786,789, 
and  with  17,231,150  barrels, 
:  $13,283,581,  in   1900.     The 

cement  production  in  1902 
M).f>44  barrels,  valued  at  $20.- 
as  compared  with  12.711,225 
alued  at  $12,532„3fK),  in  11H)1, 

8,482,020  barrels,  valued  at 

5,    in    1900.    an    increase,    as 

with    1900,    in   quantity    of 

0  per  cent,   and   in   value  of 
per    cent.      The    number    of 

Ing  Portland  cement  increase<l 
in   1900  to  56  in   1901,  and 

1  1902.  The  production  of 
•ock  cement  in  19f)2  was  8,- 
)arrels.  value<l  at  $4,076,r)30. 
ired    with    7.084,823    barrels, 

$3,0.56,278,  in  1901.  and  with 
barrels,  valued  at  .$3,728,848, 
The  production  of  slag  ce- 
ninted  to  478..i.^5  barrels,  val- 
12.5.672,  in  1902,  as  compared 
.689  barrels,  valued  at  $198,- 
1901,  and  with  ,36.5,611  bar- 
led  at  $274,208,  in  1900. 

ABRASIVE  MATERIALS. 

Mndum. — There  was  a  slight 
in  the  quantity  of  carborun- 


dum— 3,741,500  pounds  produced  in 
1902,  as  compared  with  3,838,175  • 
pounds  in  1901 — due  in  part  to  lack 
of  a  sufficient  supply  of  raw  materials, 
a  result  of  the  anthracite  coal  strike. 
The  value  of  the  carborundum  varies 
from  8  to  10  cents  \)er  pound. 

Corundum  and  Emery. — The  com- 
bined production  of  corundum  and  em- 
cry  in  1902  amounted  to  4,251  short 
tons,  valued  at  $104,605,  as  compared 
with  4,305  short  tons,  valued  at  $146,- 
040.  in  1901,  a  decrease  of  54  tons  in 
quantity  and  of  $41,435  in  value. 

Crushed  !Steel. — The  production  of 
crushed  steel  in  1902  was  735,000 
pounds,  as  compared  with  690,000 
pounds  in  1901,  and  the  product  is 
quoted  at  5M»  cents  per  pound  free  on 
board  at  Pittsburg. 

Crystalline  Quartz.— In  1902  the 
production  of  crystalline  quartz  includ- 
ed undj^r  abrasives  amounted  to  15.104 
short  tons,  valued  at  $84,335,  as  com- 
pared with  H.O,^)  short  tons,  valued 
at  $41„500,  in  1901.  This  large  varia- 
tion in  value  is  due  to  the  fact  that  in 
1902  the  value  reported  was  in  some 
cases  that  of  the  quartz  after  it  had 
been  crushed  or  ground.  The  actual 
value  of  the  crude  quartz  produced  in 
1902  was  $43,08,5. 

Garnet. — The  production  of  abrasive 
garnet  in  the  I'nited  States  during 
1902  amounted  to  3,926  short  tons, 
valued  at  $132,820.  as  compared  with 
4,444  short  tons,  valued  at  $158,100, 
in  1901,  and  with  3.18.5  short  tons, 
valued  at  $123,475.  in  1900.  As  re- 
ported to  the  Survey  the  prices  varied 
from  $20  to  $r»0  a  ton,  the  highest 
price  l>eing  obtained  for  the  North 
Carolina  garnet.  The  average  value 
per  ton  of  the  production  in  1J)02  was 
J?3.'>.10.  as  compared  with  $,35.,57  per 
ton  in  1901  and  with  ^liH.ll  in  1900. 

Orindstonefi. — The  total  value  of  all 
kinds  of  grindstones  produced  during 
1902  was  $6(>7.4.'il.  as  compared  witli 
J?.5SO,7(>3.  in  1901.  an  increasp  of  .$S0.- 
728.  The  production  of  1900,  valued 
at  $710,026.  still  remains  the  largest 
on  record  for  any  year.  It  should  be 
remenibered.  however,  that  the  price 
per  ton  has  decreased  from  $1.5  to  from 
.1^8  to  $10,  and  that  therefore  the  ton- 
nage of  grin<lstones  used  has  corre- 
spondingly increased  within  the  last 
few  years.  The  imports  for  1902 
amounted  in  va.lne  to  .S7(i.906.  as  com- 
])ared  with  $88,871  in  1901  and  with 
.$J)2,r)81    in    in<M). 

Infusorial  Earth  and  Tripoli. — In 
1JM)2  the  production  of  infusorial  earth 
and   tripoW   amovwvV^Ok.  Vo  ^,^1^  ^<2ix\. 
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tons,  valued  at  $53,244«  including  175 
short  tons  mined  as  a  by-product  and 
valued  at  $1,430,  an  increase  of  1,045 
tons  in  quantity  and  of  $204  in  value, 
as  oomi)ared  with  the  production  of 
4.020  tons,  valued  at  $r)2.9r)0,  in  1001. 

Miihtotu'M  and  liuhrntoncH. — The 
value  of  the  production  of  millstones 
and  buhrstones  in  1JM)2  was  $r)0.808, 
an  increase  of  $2.()20  over  the  value 
of  1001.  which  was  $r>7.170.  The  value 
for  1(H)2  was  almost  twice  the  value  of 
the  production  of  10<K>.  which  amount- 
ed to  $32.SrKS.  From  188<;  to  1804 
there  was  a  very  large  de<Tea8e — from 
$140.(MH)  to  $13.887— in  the  production 
of  buhrstones.  Since  1804  there  has 
been  a  gradual  increase  in  the  produc- 
tion. 

OihtoncM  and  Whetstones. — Tliere 
was  a  de<'ided  increase  in  the  domestic 
commercial  production  of  oilstones  and 
whetstones  during  1002,  the  value  of 
which  amounted  to  $221,702.  as  com- 
pared with  $ir>8.:MM)  in  liMH,  an  in- 
crease in  1JK)2  of  $«;;{.4<;2.  Tntil  1002. 
the  year  of  maximum  production  was 
1800,  when  the  vmIuc  of  the  output 
nmoinited  to  $208.2S:i.  The  crude  pro- 
duct ion  of  oilstones  and  whetstones  in 
1002,  as  re[)orte<l  l)v  the  census,  was 
valued  at  $1 13.0r»8. 

/'mwjiVt.- -The  volcanic  ash  dejiosits 
in  Nebraska  were  worked  to  some  ex- 
tent in  11M)2.  the  product  being  used 
in  the  manufacture  of  <-ertain  soaps 
and  scouring  pow<lers.  Tlie  production 
of  ])umice  amounted  to  700  short  tons, 
valued   at  $2,7r)(). 

CIIKMICAL  MATKKIALS. 

Arsrnious  Ojriilr.  -Tlie  domestic  pro- 
duction of  arsenious  oxide  (white  ar- 
senic >  in  VM)'2  was  1.3r>.'»  short  tons, 
valued  at  $S1,1S0.  as  coini>anMl  with  i 
'MH)  short  tons,  valued  at  .<1.S,(MM»,  in 
1IMM.  The  entire  product  was  nia<le 
by  the  I'uffet  Sound  Keduc-tion  C'oni- 
]muy  at  Kverett.  Wasli..  which  liegan 
the  niaiinfacture  of  this  iinp<>:"iant 
sul»stance  in  1001.  Tlic  lari;ely  in- 
creased output  in  llMH*  i^  a  *<i^n  of  thi* 
su<-cess  of  the  new  industry. 

linm.r.-  Tlie  reported  returns  for 
11M>J  irave  an  air^re^rate  coniniercial 
I»roductioii  of  crude  boi-ax  of  2.(»<M) 
short  tons,  valued  at  .SOI, (MM),  of  re- 
lincd  horax  and  boric  ncjd.  .auiountini; 
to  17.4(M  sliort  tons,  v.ahied  at  .<2.-l47. 
<'14.  of  which  it  was  stated  that  S\V2 
short  tons,  vabied  .at  .Sl.'ir>.fMM».  were 
boric  acid.  This  irjves  t\  total  produc- 
tion for  r.Mrj  ,,f  -jo.tMM  short  tou^.  val- 
ued ai  s-j.r,: ;s.t;i  I.  'n,,.  prnductiou 
durin-.:   IIMM    w.i-;   17.NS7  short    tons  of 


crude  borax  and  5,344  short  toot  of 
refined  borax,  with  a  total  value  of 
$1,012,118. 

Bromine. — The  production  of  bro- 
mine in  1902,  including  the  amoant  of 
bromine  contained  in  potassium  bro» 
mide,  amounted  to  513,^^  pounds,  nl- 
ued  at  $128,472,  as  c*ompare(I  vitk 
522,043  imunds.  valucnl  at  $ir4.- 
572.  in  1901.  a  dwreaao  for  the 
year  of  38.1,>3  pounds  in  qaan- 
tit;i-  and  of  $26,100  in  value.  The 
price  per  pound  during  19()2  averajH 
25  cents,  as  compared  with  28  rent*  is 
liK)l  and  with  29  cents  in  1000.  There 
has  been  practically  no  change  in  tbe 
bromine  industry  in  the  Tnited  States 
in   1J>02. 

Fluorspar. — There  was  a  large  in- 
crease in  the  production  of  fluorspar  in 
1002  over  that  of  1901,  due  partly  to 
its  increase<]  use  for  metallurgic  pur 
l>oses.  The  total  production  in  10(12 
was  48.018  short  tons,  valued  at  $271.- 
8,32,  as  compared  with  10.58li  tons,  val- 
ued at  $113,803.  in  1001.  This  increa** 
in  production  was  not  due  to  any  one 
State,  but  there  was  a  large  increaw 
in  production  in  lK)th  Illinois  and 
Kentucky,  and  also  an  incn'ase  in 
Arizona.  The  average  price  of  crude 
fluorspar  was  reported  as  $5.10  j^er 
ton,  as  compared  with  $5  in  1001.  and 
the  average  price  of  ground  fluorsiiar 
was  $O.OvS  j)er  ton,  as  comparetl  with 
$0.22  in  1001.  In  addition  to  this  pro- 
duction there  were  800  short  tons,  val- 
ued at  $.3,850,  mined  but  not  marketed 
in  1002. 

Gypsum. — The  production  of  gyp- 
sum, particularly  for  the  manufactun* 
of  calcined  nlaster.  continues  to  show 
a  remarkable  gain.  The  output  of 
crude  gypsum  in  1902  was  81fi.47S 
short  tons,  valueil  in  its  first  market- 
able condition  at  $2,080..341.  as  com- 
pared with  (Ki3,701  short  tons.  valnH 
at  $1,5(K»,C»41,  in  1001.  and  with  ."W.V 
4r»2  short  tons,  valued  at  $l.tJ27.'J<tt. 
in  11MH>.  The  production  in  18!»0  wa< 
isr,.235  short  tons,  and  in  18a8  it  wa< 
•JJH.a'VS  short  ton.s.  The  greatly  in 
(  reased  production  of  the  last  ftmr 
years  is  attributable  to  the  largely  in- 
creased use  of  plaster  of  paris  in  ih*^ 
hirj;e  modern  buildings  and  in  the  man- 
ufacture of  staflf  for  temiH)rary  build- 
in  cs. 

Mnrh.—  The  production  of  marls  ii 
the  Iniied  States  in  1902  was  \2.\X\ 
short  tons,  valued  at  $12,741. 

Phosphntr  Roek. — The  total  <'on»- 
nicrcial  production  of  phosphate  rovk 
rcjtorted  to  the  Survey  in  lOiXI 
.uuounted  to   1.41MI..314  long  tons.  vaI- 
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693,444,  as  compared  with 
}ng  tons,  valued  at  $5,316r 
)1,  an  increase  in  quantit}' 
ns  and  a  decrease  in  value 
9.  The  total  quantity  of 
rock  reported  as  mined  dur- 
as  1,548,720  long  tons,  val- 
^22.943,  as  compared  with 
3ng  tons  in  1901. 
he  salt  product  includes 
form  of  brine  used  in  large 
:or  the  manufacture  of  soda 
1  bicarbonate,  caustic  soda 
iodium  salts.  The  domestic 
of  salt  in  1902  amounted 
121  barrels  of  280  pounds 
at  $5.6G8,G3G,  as  compared 
).(>01  barrels,  valued  at  $(».- 
1901.  and  with  20.809,342 
ued  at  $0,944,003,  in  l{\()0. 
and  Pyritc, — The  domestic 
of  sulphur  and  of  pyrite  for 
acture  of  sulphuric  acid 
n  1902  to  207,874  long  tons. 
!947,089,  as  compared  with 
production  of  241,091  long 
d  at  $1,257,879,  in  1901. 
"tion  of  sulphur  was  from 
Nevada  and  Utah,  named 
ler  of  the  importance  of 
its.  Oregon  and  Idaho  re- 
production in  1902.  The 
•t  of  the  output  of  pyrite 
d  from  Virginia,  Georgia, 
)lina,  Colorado  and  Massa- 
amed  in  the  order  of  pro- 

PIOMENTS. 

—The  production   of  crude 
1902  was   considerably    in 
that    of    the    year    before, 
to  01,008  short  tons,  vahied 
4,    as   compared    with    49,- 
alued  at  $157,844.  in  1901. 
increase  of  12.598  tons  in 
id  of  $45,310  in  value. 
)xide. — The    domostif    pro- 
cobalt   oxide   in   1902   wns 
ids.    valued    at    $(J.714,    as 
vith  13.3r»0  pounds,  vahiod 
,    in    1901,    a    decn»aso    in 
9.030  pounds.     All  the  co- 
was  obtained  as  a  by-prod- 
ting  lead  ores  at  Mint'  La- 

Paints. — Tlie    ComnionMnl 

of  mineral   paints  in   li>02 

o  73.049  short  tons,  valued 

2.    as    compared    with    (>1.- 

ons.  valued  at  $7S0.0r.2,  in 

production  of  crude  min- 

in  1902  is  roportod  as  3."i.- 

ons,  valued  at  $P>r,().SKr>.  in- 

00  tons,  valued  at  $1S.0(>0. 


of  ocher  and  metallic  paint  reported- as 
mined  but  not  marketed  in  1902. 

Zinc  White. — The  production  of  zinc 
white  in  1902  amounted  to  52.045 
snort  tons,  valued  at  $4,010,499,  as 
compared  with  40,500  short  tons,  val- 
ued at  $3,720,000  in  1901. 

MISCELLANEOUS. 

Ashcatoa, — The  commercial  produc- 
tion of  asbestos  in  the  United  States 
in  1902  was  chiefly  from  the  mines  at 
Sail  Mountain.  White  County.  Geor- 
gia, with  smaller  quantities  from  Hills- 
dale, Berkshire  County,  Massachu- 
setts. This  production  was  1,005 
short  tons,  valued  at  $10,200,  an  in- 
crease of  258  tons  in  quantity  and  of 
$2,702  in  value  over  the  production  of 
11H)1,  which  was  747  short  tons,  val- 
ued at  $13,498.  The  production  in 
IIXX)  was  1,054  short  tons,  valued  at 
$1(>,310.  In  addition  there  were  re- 
l)orted  as  produced  but  not  marketed 
in  1902  1,500  short  tons  of  crude  as- 
bestos, valued  at  $30,000. 

Asphaltum. — Under  this  title  are  in- 
cluded the  various  bitumens  or  hydro- 
carbons not  discussed  under  the  head- 
ing "Petroleum"  in  the  volume  on 
Mineral  Henources.  Tlie  commercial 
production  of  asphalt um  in  1902  was 
105,458  short  tons,  valued  at  $7(>5,048, 
as  compared  with  (»3,134  short  tons, 
valued  at  $555,335,  in  1901 — a  large 
increase,  amounting  in  quantity  to  42,- 
324  short  tons  and  in  value  to  $209,- 
713.  The  production  of  crude  asphal- 
tum  in  1JM)2  is  reported  as  00,238  short 
tons,  valued  at  $23(J,728. 

liauj-ite. — In  IJHrj  the  production  of 
bauxite  increased  to  29,222  long  tons, 
valued  at  $128,20(i,  as  compared  with 
18,905  long  tons,  value<l  at  $79,914, 
in  1901.  Georgia  yielded  the  greater 
bulk  of  the  produ<*t.  the  remainder  be- 
ing supiilied  by  Alabama  and  Arkan- 
sas. 

Chromic  Iron  Orr. — California  was 
the  one  State  to  produce  any  chro- 
mito  during:  1002.  the  quantity  being 
315  long  tons,  valued  at  $4,5r»7,  a  de- 
crease of  53  tons  in  quantity  and  of 
$1,223  in  value,  as  comparer!  with  the 
production  of  1901.  which  was  3<>8 
lonir  tons,  valued  at  $5,790, 

FrldsiKir. — The  production  of  feld- 
spar in  1902  was  45.287  short  tons, 
valued  at  $250,421,  as  against  34.741 
short  tons,  valued  at  $220,422,  in  1901. 

FihroiiH  Talc. — This  variety  of  talc 
or  soapstone  occurs  in  but  one  local- 
ity in  the  T'nitod  States — Gouverneur, 
St.  Lawrence  County,  Xqvj  Yq^x^.    Vl 
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tons,  valued  at  $53,244,  including  175 
short  tons  mined  as  a  by-product  and 
valued  at  $1,430,  an  increase  of  1,(>45 
tons  in  quantity  and  of  $204  in  value, 
as  compared  with  the  i)roduction  of 
4,020  tons,  valued  at  $r)2.9r»0.  in  1901. 

MilhtonvH  and  BuhrntoncH. — The 
value  of  the  production  of  millstones 
and  buhrstones  in  11KI2  was  $50,808, 
an  increase  of  $2,020  over  the  value 
of  IJMU,  which  was  $57,170.  The  value 
for  1002  was  almost  twic<»  the  value  of 
the  production  of  IIXK),  whi<'h  amount- 
ed to  $32.H5S.  From  iaS<J  to  1804 
there  was  a  verv  large  de<Tease — from 
:j;i4O.00O  to  $13.SS7— in  the  production 
of  buhrstones.  Since  1804  there  has 
been  a  gradual  increase  in  the  produc- 
tion. 

OUxtoncs  and  WhctMtoncs. — There 
was  a  de<'ide<l  increase  in  the  domestic 
<-onimercial  production  of  oilstones  and 
whetstones  during  11HI2,  the  value  of 
which  amounted  to  $221,702.  as  com- 
pared with  $l."iS.:i(M»  in  1J>01.  an  in- 
crease in  1002  of  $<*»;{.402.  Tntil  VMrj,  \ 
the  year  of  maxiniuni  production  was 
ISOO,  when  the  value  of  the  out[)ut 
amounte<l  to  $208.28.*$.  The  .rude  pro- 
duction of  oilstones  and  whetstones  in 
li)02,  as  reported  bv  the  census,  was 
valued  at  $ll.S.OtW.  " 

pHmicc-  -'V\w  volcanic  ash  dej)osits 
in  Nebraska  were  worked  to  some  ex- 
tent in  1IH>2,  the  p.-odu<-t  being  used 
in  the  manufacture  of  certain  soaps 
and  scouring  powd«*rs.  The  production 
of  pumice  amounted  to  700  short  tons, 
valued  at  $2,750. 

CIIKMUAI.  MATERIALS. 

Ars(  niftus  ().ri<h .  -The  domestic  pro- 
duction of  arst»nioiis  oxi»h»  (white  ar- 
senic >  in  1}M)2  was  l.;ir»:{  short  tons, 
valued  at  $S1,18<>.  as  (onipanMl  witli 
'MH)  short  tons,  valued  at  .SIS.(MM).  in 
1!M)1.  The  entire  pi-nduet  was  made 
by  the  Piiget  Sound  Uediiction  C'oni- 
l»any  at  Kverett.  Wnsli..  wliirli  be^an 
till'  manufacture  of  lliis  inipo:'i.uii 
substance  in  IIMM.  The  larueiy  in- 
crease<l  output  in  1!M»2  is  a  si;;ii  of  ihr 
suc<*ess  of   the  new   indusfi-y. 

Honi.v.-  The  leporfefl  returns  foi- 
lOfrj  };nve  ;in  .mure^ale  commercial 
profluction  of  «rude  Ixu-mx  of  2.<MM) 
short  ions,  v.-iIu.mI  nt  $01. (MM),  of  w- 
fin«'d  liofax  and  bni-ic  a«i(l.  jniiountinu' 
to  17.404  sliort  tons,  v.ilued  at  $2.-147. 
<'14.  of  wbicli  it  wMs  «<t:it.'d  that  .sr.2 
short  t(»ns.  valued  at  S I ."i.'i.j M M ►.  were 
boric  Mcid.  Tbi^  irives  w  totnl  produc- 
tion foi-  r.Mrj  ,,t*  -JO.cmH  ^liort  tons,  val- 
necl  at  .^'J.r^.'lS.f.n.  The  production 
diiri)!::   JfM»l   was  17..SS7  slmri   Vous  uV 


crude  borax  and  5,344  short  t( 
refined  borax,  with  a  total  va! 
$1,012,118. 

Bromine. — The    production   ol 
mine  in  1902,  including  the  amo 
bromine  contained   in    potassian 
mide,  amounted  to  513.}<H)  pound 
ued    at   $128,472.    as    comiiared 
522,043     pounds,     valued     at 
572,    in    1001,    a    dc^-rease    fo 
year     of    38,153     pounds     in 
tity   and   of  $2<>.100    in    value, 
price  per  i)ound  during  10o2  av* 
25  cents,  as  compared  with  28  « 
1JK)1  and  with  20  c-ents  in  IJKH). 
has  been  practically  no  change 
bromine  industry  in  the  United 
in  1002. 

Fluorspar. — There  was  a  tar 
crease  in  the  production  of  fluors 
1JM)2  over  that  of  1001,  due  pai 
its  increased  use  for  metallurgi 
poses.  The  total  production  in 
was  48,018  short  tons,  valued  at 
8,T2,  as  compared  with  10.5S0  ton 
ucd  at  $113,803,  in  1!K)1.  lliis  in 
in  production  was  not  due  to  ai 
State,  but  there  was  a  large  in 
in  production  in  l>oth  Illinoi.* 
Kentucky,  and  also  an  incn'a 
Arizona.  The  average  price  of 
lluorspar  was  rei>orted  as  $5.1 
ton.  as  compared  with  $.5  in  100 
the  average  price  of  ground  flu< 
was  .$0.08  per  ton,  as  compare*! 
$0.22  in  1001.  In  addition  to  thi 
duct  ion  there  were  800  short  ton: 
ued  at  $3,850.  mined  but  not  mat 
in  IIKVJ. 

Oypftum. — The  production  of 
sum.  particularly  for  the  manufi 
of  calcined  plaster,  continues  to 
a  reujarkable  gain.  The  outn 
crude  gypsum  in  1002  was  81 
short  tons,  valued  in  its  first  mj 
able  condition  at  $2,OvHO,.341.  as 
pared  with  *Ki3.701  short  tons,  v 
Mt  .Sl,50t;.t^ll.  in  1001.  and  with 
-H;l»  short  tons,  valued  at  $1.^2* 
in  11HM>.  The  production  in  18!>J 
IS(;.*j:r>  slmrt  tons,  and  in  1808  i 
2in.o;{S   short    tons.     The   greatl 

<  least'd  [)roduction  of  the  last 
M'jiis  is  attributable  to  the  large 

<  rrased  use  of  plaster  of  paris  i: 
1:iruc  modern  buildings  and  in  the 
uf.nttin'  of  staflf  for  temi>orary  I 

illL'S. 

\fiirls-  The  production  of  mai 
flic  Tnited  States  in  1002  was  1 
sliort  tons,  valued  at  $12,741. 

r/iositluitr    Rmk. — Tlie    total 
iM'Tcial   i)ro«luction  of  phosphate 
ici)oit«'«l     to     the     Survey      in 
.\\\\vu\\\\vh\  vv\  \A*.V^\,'\\4  long  tons. 
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693,444,  as  compared  with 
jng  tons,  valued  at  $5,316,- 
)1,  an  increase  in  quantity* 
ns  and  a  decrease  in  value 
d.  The  total  quantity  of 
rock  reported  as  mined  dur- 
as  1,548,720  long  tons,  val- 
922,943,  as  compared  with 
ong  tons  in  1901. 
he  salt  product  includes 
form  of  brine  used  in  large 
'or  the  manufacture  of  soda 
1  bicarbonate,  caustic  soda 
lodium  salts.  The  domestic 
of  salt  in  1902  amounted 
!21  barrels  of  280  pounds 
at  $5,668,030,  as  compared 
>,661  barrels,  valued  at  $6.- 
1901.  and  with  20.8<59.342 
ued  at  $6,944,(503,  in  1900. 
and  Pyritc. — The  domestic 
of  sulphur  and  of  pyrite  for 
acture  of  sulphuric  acid 
ti  1902  to  207,874  long  tons. 
{947.089,  as  compared  with 
production  of  241,691  long 
4  at  $1,257,879,  in  1901. 
'tion  of  sulphur  was  from 
Nevada  and  Utah,  named 
ler  of  the  importance  of 
its.  Oregon  and  Idaho  re- 
production in  1902.  The 
:t  of  the  outi)ut  of  pyrite 
d  from  Virginia,  Georgia, 
)lina,  Colorado  and  Massa- 
amed  in  the  order  of  pro- 

PIOMENTS. 

—The  production  of  crude 
1902  was   considerably   in 
that    of    the    year    before, 
to  61,668  short  tons,  valued 
4,    as   compared    with    40.- 
alued  at  $157,844.  in  1901. 
increase  of  12,598  tons  in 
id  of  $45,310  in  value. 
')xide. — Tlie    donioatic    pro- 
cobalt  oxide   In   10(^2   was 
ids.    valued    at    $6,714.    as 
vith  13,3()0  pounds,  vabied 
,    in    1901.    a    decrease    in 
9,C>30  pounds.     Ail  the  co- 
was  obtained  as  a  hy-prod- 
ting  lead  ores  at  Mine  La- 

Paints. — Tlie  Commercial 
of  mineral  paints  in  11K)2 
o  73,049  short  tons,  vniiied 
2.  as  compared  with  (51,- 
ons.  valuefl  at  $780,062.  in 
f  production  of  crnde  niin- 
in  1902  is  reported  ns  35.- 
ons,  valued  at  $3(»0.KS5.  in- 
00  tons,  valued  at  $18,000. 


of  ocher  and  metallic  paint  reported- as 
mined  but  not  marketed  in  1902. 

Zinc  White. — The  production  of  zinc 
white  in  1902  amounted  to  52,645 
snort  tons,  valued  at  $4,016,499,  as 
compared  with  46,5(X)  short  tons,  val- 
ued at  $3,720,000  in  1901. 

MISCELLANEOUS. 

AshcstOH. — The  commercial  produc- 
tion of  asbestos  in  the  United  States 
in  1902  was  chiefly  from  the  mines  at 
Sail  Mountain,  White  County.  Geor- 
gia, with  smaller  quantities  from  Hills- 
dale, Berkshire  County,  Massachu- 
setts. This  production  was  l.(X)5 
short  tons,  valued  at  $16,200,  an  in- 
crease of  258  tons  in  quantity  and  of 
$2,702  in  value  over  the  production  of 
1JH)1,  which  was  747  short  tons,  val- 
ued at  $13,498.  The  production  in 
IIMK)  was  1,054  short  tons,  valued  at 
$1().310.  In  addition  there  were  re- 
ported as  produced  but  not  marketed 
in  1902  1.500  short  tons  of  crude  as- 
bestos, valued  at  $30,000. 

Asphalt uvi. — Under  this  title  are  in- 
cluded the  various  bitumens  or  hydro- 
carbons not  discussed  under  the  head- 
ing "Petroleum*'  in  the  volume  on 
Mineral  Resources.  Tlie  commercial 
production  of  asphaltum  in  1902  was 
105.458  short  tons,  valued  at  $765,048, 
as  compared  with  (J3.134  short  tons, 
valued  at  $555,*^35.  in  1901 — a  large 
increase,  amounting  in  quantity  to  42,- 
324  short  tons  and  in  value  to  $209,- 
713.  The  production  of  crude  asphal- 
tum in  1902  is  reported  as  (56.238  short 
tons,  valued  at  $236,728. 

Bauxite. — In  1902  the  production  of 
bauxite  increased  to  29,222  long  tons, 
valued  at  $128,20(>.  as  compared  with 
1S.9()5  long  tons,  valued  at  $79,914, 
in  1JM)1.  Georgia  yielded  the  greater 
bulk  of  the  product,  the  remainder  be- 
ing sui)plied  by  Alabama  and  Arkan- 
sas. 

Chromic  Iron  Ore. — California  was 
the  one  State  to  pro<lu<e  any  chro- 
niite  during  V.){)'2,  the  (piantity  being 
315  long  tons,  valued  at  $4.5(>7,  a  de- 
crease of  53  Ions  in  <iuanlity  and  of 
$1,223  in  value,  as  conii)ared  with  the 
production  of  11M)1,  \vhi<h  was  368 
long  tons,  valued  at  $5,700. 

Fchlapar. — The  production  of  feld- 
spar in  irH)2  was  45.287  short  tons, 
valued  at  $250,421,  as  against  34.741 
short  tons,  valued  at  $220,422,  in  1901. 

Fibrous  Talc. — This  variety  of  talc 
or  sonpstone  occurs  in  but  one  local- 
ity in  the  rnited  States — Gouverneur. 
St.  I.awreiwe  CowtvV>' >  ^<r«  XcixV.    \x 
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is  used  principally  as  makeweight  in 
the  manufacture  of  paper.  In  1902 
the  production  was  71,100  short  tons, 
valued  at  $015,350,  an  increase  of 
$131,750  in  value  and  of  only  1,900 
tons  in  quantity,  as  compared  with  the 
production  of  6^,200  short  tons,  valued 
at  $483,(500,  in  1901. 

Flint. — The  production  of  flint  in 
11)02  was  3(>.3(>5  short  tons,  valued  at 
$144,21M),  as  compared  with  34,420 
short  tons,  valued  at  $149,297,  in  1901. 

Fuller's  Earth, — As  reported  for  the 
Survey,  the  production  of  fuller*s 
earth  in  1902  showed  a  decrease  in 
(|uantity  and  an  increase  in  value,  be- 
ing 11.492  short  tons,  valued  at  $98.- 
144,  as  compared  with  14.112  short 
tons,  valued  at  $9<»,835,  in  1901.  The 
maximum  production  of  fuller's  earth 
was  obtained  in  1897.  when  the  pro- 
duction was  17,113  short  tons. 

Glatftt  »SflM</. — The  production  of 
glass  sand  in  1JK)2  was  943.135  short 
tons,  valued  at  $8(>7.797 :  the  produc- 
tion of  ongino,  furnace,  building,  mold- 
ing and  other  sands,  mined  incidental- 
ly, was  904.77<»  short  tons,  valued  at 
$r>15,S17 — a  total  production  of  1.847.- 
9<>1  short  tons  of  sand,  valued  at  $1.- 
423.r,14. 

(Jraphitv. — Tlie  commercial  produc- 
tion of  crystalline  graphite  during 
IIMC  amounted  to  3,93«>.824  pounds, 
valued  at  $12<5.14l.  as  compan»d  with 
3,9(;7.(n2  pounds,  valued  at  $13."),914, 
in  11M.)1,  and  with  .5..')07.8.")5  pounds, 
valued  at  $17SJ(n.  in  1900.  Tlie  com- 
mercial production  of  amorphous 
grni)hite  in  1902  was  4.739  short  tons, 
vahiod  at  ."?.">.">,9(»4,  as  compared  with 
8(K»  short  tons,  valued  at  ,$31,800,  in 
19(H.  The  flccline  in  value  was  due 
to  a  i)n»i)()rti(Minto  in<renso  in  the  pro- 
duction (if  the  lower  grn(h*s.  Consid- 
enible  dev(»Iopnienr  and  exi)loratory 
work  was  <lone  during  the  year  in 
Montana.  Wyoming'.  North  (^nrolina 
and  N<»w  Mexico.  In  additiim.  ,'?n.O<M) 
pounds  of  I'efined  gi-aphite.  vnlu«'d  nt 
.l^l.StM),  and  20.710  short  tons  nf  crude 
graphite,  vahied  at  .*< !.'{.( ;0O.  were  re- 
porte<l  as  produced  Init  not  marketed 
in  llHrj.  Tliis  gives  a  total  pnxluction 
of  .^,rM;(».824  pounds  of  refined  graphite 
and  of  2.'>.4.'>."»  short  trms  of  amorplious 
graphite,  with  a  total  va]u«»  of  .$227.- 
.'08.  as  i)rodnced  in  1!M)2.  The  i)roduc- 
tion  of  artificial  grajihite  was  2..'>.')8,- 
S2S  pounds,  valued  ai  .<n(K700.  the 
average  ])ric»»  being  4.<»0  cents  per 
]K)nnd.  as  fonipa"cd  with  2.r>(M),0(M), 
valued  at  .<11IUmm),  in  V.M)\.  the  aver- 
age pri<'e  being  4.7.'>  cents  per  pound. 

Limestonv     for     Iron      Flu.r. — The 


quantity  of  limestone  used  for  fluxing 
in  blast  furnaces  in  1902  was  11,878,- 
075  long  tons,  valued  at  $5,271,252,  is 
compared  with  8,540,1<>8  long  tons, 
valued  at  $4,659,830,  in  1901,  and  with 
7,495,435  long  tons,  valued  at  $3,GS7,- 
394,  in  1900. 

Magnesite, — The  production  of  maf- 
nesite  in  the  United  States  oontinoa 
to  be  limited  to  California,  and  during 
the  year  1902  the  commercial  prodoc- 
tion  reported  was  3,4(»(>  short  tons, 
valued  at  $21.302 — a  large  decrea»»  as 
compared  with  the  production  in  llWl. 
which  was  13,172  short  tons,  valued  at 
$43,057.  Of  the  1902  production,  asi) 
tons,  valued  at  $1,723.  were  sold  in 
1902,  but  were  mined  previously. 

Mica. — The  production  of  mica  in 
1902  was  as  follows :  373.200  iwunds 
of  plate  or  sheet  mica,  valued  at  $83.- 
843;  1,028  short  tons  of  scrap  mi<*n. 
valued  at  $13,081,  and  372  short  tons 
of  rough  mica,  valued  at  $21,925— a 
total  value  of  $118,849. 

Mineral  Waters. — The  total  produc- 
tion of  mineral  waters  for  19i>2  was 
04,859,151  gallons,  valued  at  $8,798.- 
701,  as  compared  with  5.">,771,181  gal- 
lons, valued  at  $7.58<>,9<>2,  in  1901— a 
gain  in  quantity  of  t).088,2<>3  gallons 
and  in  value  of  $1,206,799. 

Monazite. — Tlie  production  of  mona* 
zite  is  confined  ex  lusively  to  North 
Carolina  and  South  Carolina,  by  far 
the  larger  quantity  being  obtain^'d 
from  the  former  State,  and  in  W^2 
this  amounted  to  802.000  pounds,  val- 
ued at  $04,1<X),  as  compared  with  748.- 
73(;  pounds,  valued  at  $59,202,  in  IfHH 
— an  increase  in  quant  it  v  of  5.3.2<VI 
pounds  and  in  value  of  $4,898.  The 
price  per  pound  received  by  the  miners 
for  the  monazite  produced  in  1902  va- 
ried from  2.5  to  8  cents,  accordini;  to 
the  percentage  of  thoria. 


Precious  Stones. — The 


value  of  the 
found  in  the 


gems  and  precious  stones 
Tnited  States  in  1902  was  $328.4:>ft. 
as  compared  with  $289.0.">0  in  1901, 
with  .$2;{3.170  in  1900.  and  with  $lS.v 
770  in  1899.  There  has  l)een  a  great 
advance  in  the  lapidary  induatrv  in  the 
I'nited  States  since  1894.  The  faot 
that  larger  establishments  have  been 
formed,  which  are  able  to  purchase  the 
rough  diamonds  in  greater  quantities, 
has  ]daced  our  American  diamond  cut- 
ttTs  in  a  position  equal  to  that  held 
l)y  the  cutters  of  Amsterdam.  Ant- 
werp and  Paris.  The  cutting  of  our 
native  gems  has  also  grown  to  the  pnv 
Ijortions  of  an  industry,  notably  in  the 
case  of  the  beryls  and  the  amethyst 
found  in  North  Carolina  and  Connecti- 
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cut;  the  tarqnoise  from  New  Mexico, 
Ariiona,  Nevada  and  CaliforQia :  tbe 
Gne-colored  Bad  deep-blue  aapphirea 
fonnd  in  Montana ;  the  colored  tour- 
malines  of  San  Joaquin  County,  Cali- 
fornia :  the  chrysopraae  mine  of  Viaa- 
lia,  Tulare  County,  California :  the 
samets  of  Arizona  and  New  Jlexico. 
and  the  pale-purple  garnets  of  North 
Carolina. 

Rulile, — The  production  of  rutile  i 
1902  was  1e«B  than  in  1901. 


Sooaitane.- — Eicluaive  of  the  pro- 
duction of  fibrous  talc  from  Gouver- 
tieur,  New  York,  the  production  of  talc 
and  BoapBtane  in  1902  aniouated  to 
2G,Sr>4  short  tous,  valued  at  {525,157. 
HB  compared  with  2S,(>43  tons,  valued 
at  $424,888,  in  1901— a  decrease  of 
1.7S)  tons  in  quantity  and  an  Increase 
of  f  100.2<»  in  value.  The  output  for 
1900  was  27,!>13  short  tons,  valued  at 
$.'H«.rvJl.  and  for  1899  it  was  24.785 
short  Ions,  valued  at  !(3:».80.'>.— Min- 
eral Resourcea  of  Ibe  United  States. 


Pia  in>n  (spot  vilu.) 

oM^'aStam^v^iiif'. ''.'.'. '.'.'.".".' 

Copper,  value  M  New  York  Cily 
l«d,  vklae  ■(  New  York  City  . 
Une.  value  at  Nan  York  Oly.  ,  . 
Quicksilver,  value  at  Ban  Fnmci>c< 
■  • — 1 ...1 ,1  pitttbutg. . . . 


,     M.SOO.MO 
.        3,370,«l" 

I7D.MI 

l.W.a27 


Antimony,  value  at  Ban  Frai 

Nickel,  value  at  Philxtelptua 

■tin , 

PlatiDUm.  value  (crude)  at  3an  Frar 

Total  value  of  mciallic  product. 

NoN-MRTAU.ir  (BPor 

oal 

anthnulte 


Biluminoi 
Penn.ylv. 
Natural  v 


Ht  far  abruive  purpose* . . 

idBtones 

isorial  earth  and  tiipoli. . , 


Boraxt 

;iwi>:;;..::::::  ::::: 

do 

f'frr 

"bnH 

'  !U,7««.916 
'  '2S,7fiJ.SiM' 


ri.7S7.57S 

w.ooo.aoo 


7B,l73,i8fl 
30,8«7.MS 
7I,17B.B10 
1S,ODO.OOO 


<>4«,0IN  I 

ll24$  ' 
13.439 


:,447,RM 
91.«)0 
IZK.tTZ 
27I.)I32 

2.0SS,341 


arketad  in  1902. 


4  Produetion  in  1B02.  aa  re|>or>*i<  bv-  the  ccn^iP'.  IS.ItZ  short 
mukel«d 'io  1W2.  "      """ "        "    ''  '" 


>t  1/12,242,  Bi  mil 
at  t2IS,S2«.  as  p 
luarli.  *43,I)S5;  < 
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MINERAL  PRODUCTS  OF  THE  UNITED  STATES  FOR  THE  CALENDAR 

YEAR  1902.— Continued. 


Product. 


1902. 


Quiuitity. 


Phosphate  rock long  tons. 

Pyrite do. 

Salt bbL*. 

Sulphur short  tons. 

Barytes  (crude) do. 

C'Obalt  oxide lbs. 

Mineral  paints short  tons. 

Zinc  white do. 

Asbestos do. 

Asphaltum do. 

Bauxite hmg  tons. 

Chromic  iron  ore do. 

Clay  (all  other  than  brick) shtirt  tons. 

Feldspar do. 

Fibrous  talc do. 

Flint <lo. 

Fuller's  earth do. 

Glass  sand do. 

Graphite  (crystalline) lbs. 

Graphite  (amorphous) short  tons. . 

Limestone  for  iron  flux long  tons. 

Magnesite short  tons. . 

Manganese  ore long  tons. . 

Mica  (sheet ) lbs. . 

Mica  (scrap) short  tons. . 

Mineral  waters gallons  sold.. 

Monazite lbs. . 

Ozocerite  (rcfine<l^.  do.  . 

Precious  stones 

Pumice  stone short  tons. . 

Kutile lbs.. 

Soapstone short  tons. . 

Uranium  and  vanadium do. 

Total  value  of  non-metallic  mineral  products 

Total  value  of  metallic  products 

Estimated  value  of  mineral  products  unspecifie<l 


e  1.490.314 

297,874 

23.849.221 

C) 

61.668 

3.730 

«  73.049 

52.645 

•1.005 

'0  105.458 

29,222 

315 

1.455,357 

45.287 

71.100 

36.365 

11.492 

943,135 

II  3,936.824 

4.739 

11,878.675 

12  3.460 

10,477 

373.206 

1,400 

64,859.451 

802,000 

None. 


Value. 


700 

(12) 

26.854 
3.810 


$4,693,444 
947.ffi» 
5.668.636 
(J) 

203.154 

6,714 

944.333 

4.016.499 

16.200 

765.04S 

I2S.306 

4,5«7 

2.061.072 

250.424 

615,350 

144.209 

98,144 

807.797 

182.108 

5  o-i  <>:•> 

21.362 

177.911 

83,S43 

35.00rt 

8.793.761 
64,160 

328.450 
2.750 


525,157 
48.125 


$617,3S0.S31 

642.258.584 

l.OOO.OOO 


Grand  total ^.    .  ._^.  .^  .^.    1.260^639.415 

•^  The  total  quantitv  of  phosphate  rock  mined  in  1902  was  1,54S.720  long  tons,  valued  at 
$1.022.94.3. 

'  Inchidod  under  i)yriic. 

'^  Production  of  crude  material  of  mineral  paints  was  35.479  short  tons,  valued  at  $360,885. 

'J  In  addition.  1500  short  tons  of  crude  a--bestos,  valued  at  $30,000,  are  reports!  by  the  cen- 
sus as  mined  but  not  marketed  in  1002. 

J'^  The  production  of  the  cru.lo  material  is  reporte<^l  bv  the  census  as  66,238  short  tons, 
valuod  at  S23tl,728. 

"  In  addition.  grai»hite  to  the  value  of  $45,400  is  reporteii  as  mine<l  but  not  marketed  in 
1«)02. 

'2  The  majrnesite  actually  mined  in  1902  i.«<  reported  as  3,0S0  short  tons,  valued  at  $19,639. 

•'  Inrluded  under  e»timato<l  ui)>»pccified  products. 


Si'KKDS    FOR    Ghindivg    AM)    Poi.isnixr,, 

ETC. 

Speed  of  Ft.  per  Miii. 

Large  grind.«*tones  for  poli.nhing.  .  .      2,000 

Kmery  di.-*k.s 2.500  to  3.000 

l'<»lishing  large  articlo.  .      .         750 

Tool  grinders O.'iO 

Circular  sawx  for  hot  iron.  .  .  20,000 

r)i<ititegrator'^.  .  .  ...         10.000 

Plate-ben<hng  rolN   .  4 

Millstone*  17  000 

Sack  tarklc ">0 


Deprkciatign  of  Machinery,  etc.,  per 
Annum  on  First  Cost. 


Machinery,  etc. 


Engines.     

Boilers 

Machines    .  . 

Mill  work  and  gearing. 

Bawds  oitvd  hells 


I  Depre- 
cia- 
tion. 


7? 

5<jS 
3% 


Wear, 

and    '•■  Total 
Tear. 
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33$ 


nber  of 
eUs.... 
nbor  of  operaum 

tried  offiriab,  derk.*.  etc: 

otal  number. 

otal  smlarietf 

Generml  ofBeer* — 

Number 

Salarie* 

Superinteihienti*, 

i<»«m«n,  sanrcyorf,  et< 

Number 

Smlarie». 

Foremen,  briow  Kn>an<i^ 

Number 

Salaries 

Clerk*— 

Number. 

Salaries. 


MINES    AND    QUARRIES. 
DETAILJED  STUMARY.  UMTED  STATiS:  I9t2. 

151.316 


38.rJS 


I5..S38 
S16.6456.4I« 

Il.l,-W> 
*:.92T.288 


581.728 
$369,959.9^) 

221..TI1.5 
$125,086,530 


Averac*  number. ..  . 

257.301 

Wa«ei(.  ...           ... 

SlS4.t$r4.19S 

XinerH*  helper* — 

Ax-crace  number.  . . 

18w7» 

Wai^en.  .  . 

«1 1,49^910 

B«>5>.  uniier  l*>  year* — 
Averat^  number.  . .  . 

5.«38 

Waaes. 

$1.548.$89 

^VIl  '>cher  waice-eamer*- 

- 

Averace  number.  . 

78.348 

Wa«e» 

$47.153  438 

Contract  work: 

.Am4.>unt  paid 

$20.f>77.»38 

Number  »>f  empluveet* 

21.183 

MV-'ceHaneoiA*  exiien-^e-t,  total. 

$71,771,713 

Royalties   and   rent    of   mine 

and  mininiK  plant.  . . 

$34,530,713 

Rent  of  offices,  taxc^.  in:«ur- 

ance.    interest,    and    other 

»un<irieH 

$37,241,000 

Cti^t  <jf  suppUeat  anti  material:*.  . 

$123,814,967 

Pn>iuct.  \-alue.  .     

$79d.826,4l7 

Power: 

Total  horsepower 

2.867.562 

C>wne«i— 

Kncines — 

Steam,  number 

64.179 

H«^r«ep»-»wer 

2.432.963 

Cia».  or  feaiHtline,  nuut- 

ber.  .     

13,5tMi 

H»>r><eiH>wer.  .            . 

259.695 

Water  wheels.  nunil>er. .  . 

9M) 

HorseiH>wer 

r>«).897 

<^ther  ixiwer.  number  .  .  . 

1.162 

H«irseiM>wer.  . 

S4.546 

Rentetl— 

KIe<*tric.  horse|Miwer.  .  .  . 

23.556 

("hher  kiniJ.  horse|M>wvr.  . 

5.905 

Kleotric  niot^irs  (twuc>il,  num- 

ber. .     

2.893 

lli)r«*tK>wer 

130.494 

Supplie*!    to   other   erstahlish- 

ment}<,  hors»eiH)wer 

2.852 

Ke-eamers: 

BKn«ate  a^-^ranEC  number . 

Smgate  wage;^ 

Above  ground — 

Totalaverage number . 

Total  wages. 

Engineer*,  firemen, 
and  other  mechan- 
ics— 
Average  number. . .  .  60.859 

.Wages. $44,478,246 

Miners,  or  quarrymen 
and  stonecutters — 
Average  ntmiber.  ...  67. 129 

Wages. $.33.971.2<o0 

Boys,  under  16  years — 

Average  nimiber.  ...  8,2 19 

Wages $1.:«9.47S 

All    other    wage-earn- 
ers— 
Average  number.  . .  .  87.29S 

Wages $4o.297.51« 

Below  ground — 

Total  average  ntmiber  .  .  360.223 

Total  wages $244,873,430 

Foremen  here  reported  should  be  adtletl  to  the  nimiber  of  w«Kt»-<»arnor>  Ik»Uiw  gnmnd  in 
tr  to  ascertain  the  actual  number  employed  below  Krouiui.-  Con.**\is  Bulletin. 


CLAY   PRODUCTS   OF   THE 

n  1002  there  were  produced  8,475.- 
thou.sand8  of  common  brick.  Tho 
ae  of  this  product  was  $48,88r).St»0. 
I  the  average  price  per  thon.saud 
3  $5.77.  The  quantity  of  front 
:*k  produced  was  458.301  thousands, 
ued  at  $5,318,008.  The  nvcnip' 
?e  per  thousand  was  $11.(50.  Of 
rified  paving  brick  tho  amount  pro- 
•ed  was  <»1 7,102  thousands,  valued 
$5,744,530.  the  average  prico  imm* 
usand  being  $0.31.  The  value  of 
cy  or  ornamental  brick  was  $80(»,- 
1.  The  value  of  fire  brick  was  $11,- 
>.511.  The  value  of  stove  lining  was 
M).924.  The  value  of  d -ain  tile  was 
500.787.  The  value  of  sewer  pipe 
B  $7,174,802.  The  value  of  orna- 
ntal  terra  cotta  was  $3.52(;.0O(;. 
e  value  of  the  clay  products  used  in 


UNITED   STATES    IN    1002. 
lire-pn)ofing     was     ,S3.175,.50,3. 


value  of  tile  other  than  drain 
$3.022.StN{.       The     value     of 


The 
tile  was 
adobes, 
a<iuarium  ornaments,   boiler  and    loco- 
motive brick   and   tile,  burnt -<-lay   bal- 
last,   carboy    stoppers,    chemical    brick 
and     tile:     chimney     bhxks.     pip«»    and 
tops:    <'Iay    funiaees.    reiorfs.    and    niM 
lings;  conduits  for  uiuleruround  wires, 
crucibles,    cuildiig    block,    lire  cla>     in 
sulators.    lire    niorhir,    line    lining,    fur 
nac»'    brick    and    tile,    gas    Ioks.    gbis.s 
iu)\ise  supplies,  gra\e  markers,  ground 
lire    brick,    nnitlles,    oven    tile,    iiavirig 
l>lock.     ijorons     cups,     saggers,     stone 
l>nmp»*.    wall    coping,    web    lib'    sewer. 
aTid    well    bri<k   was   .S:MJ7S.7 12.     The 
value    of    the    pottery     produciMl     wan 
S2 1.1 27. 15;;.    nuiking  a    grand   l«»liil   of 
all  <'lay  pHxlncts  of  $122,1<H».531.      I'. 
S.  (leological  Survey. 
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lit 


111 


J3i9 

mm 

Jigs 


lip 


pBODuctioi*  of  gas. 


The  touJ  cjuuilLty  at  ma*  muiufmetund  bj 
oomptbioa  »A  A  by-uruauct  And  itiapoacd  i4 
wu  l.ni.Sti.wr  cubie  fwt.  A  naibiulka 
o{  Ihis  latter  qiuntily  with  ths  quwiuiy  ir- 
partail  tor  gu  MmpKiiiH  tbown  ibal.  in  IW. 
the   total    quaallly   sold    mu    M.2&S.4M,I« 

Tbe  iirioe  [wr  1,000  cubic  feet  virwl  (nn 
ta.S32  m  PconiylvBnu  to  M-M  >n  Sr'.-tJt. 
Provimily  1o  rhc  cojd  aDil  fdl-proaJudrtf  dt- 

«verH^  rfltv,  while  dt*tao«  from  Aoiiftv  i£ 
»up;tlM»  and  Itmitcil  traiuimnuimi  fadlitiB 
Miw  anmiiniiihlA  for  the  hich  [iri«  in  Niti^ 
repraKent  ibe  |>ric«  afall  biu- 


K  «  I  uractund  RW.  bath  fuel  and  itiuniinalii 

■3  S  I  'li*  quanatv_(it  each  Icin.l  was  nm  miw 

S  ^  I  repurtfld ;  Ibii  itateiBEDt  in  mctnmry  in 

e  i  to    obviate    erroiieoua    deduct  ioiu,     |. 


II 


V 


lian  Territory,  and  Oklahoa 


DIMENSIONS  OF  THE  EAUTH, 


.V-I 


^   liailjui"  nf  the  dnhereliarinl  iljownir  'ur- 
fflMiUithi>™r(h    M70,ai4.ira. 

l^jillH  riil    the   ^T^hem   hnvitti;   Ihr  dm^ 

ArouriF  lii>rBnh'«».e56.n4  qkm. 

(.'uhii- vrjDienl*  nf  the  earth  -  l.OHZ.Ml.&.NI,- 
OnOc-km. 

tinivilv  at  the  lenl  «l  the  <«  for  the  n>- 
KTuiihii'ul    laiiiude    ^,    p-S.THIOn  +  aOUJia 


mi 


CHAPTER    XV. 


FABMS    AKD    FOOD. 


DIVISION    OF   THE    UNITED    STATES    AS    TO    LAND, 


Farms. — According  to  the  Census  of 
190O  there  are  5,737^72  farms  hav- 
ini;  414,488,487  acres  of  improved  land 
and  424,083,287  acres  of  unimproved 
land.  The  value  of  all  farm  property 
waa  $20,439,901,164.  The  value  of 
the  land  with  improvements,  including 
baildings,  was  $16,614,647,491.  The 
value  of  implements  and  machinery 
waa  $749,775,970.  The  value  of  the 
live    stock   was   $3,075,477,703.    The 


average  number  of  acres  to  a  farm  was 
146.2  acres. 

The  total  value  of  the  product  of  all 
the  farms  was  $4,717,()<;S),07«),  and  wns 
divided  as  follows:  Animal  pro<]uct«, 
$l,718,3(i5.5(Jl ;  crops.  $2.J>08,7()4,612. 
Of  the  latter.  $974.1)40,616  was  fed  to 
the  live  stock.  The  value  of  all  live 
stock  on  farms  and  ranges  was  $2,- 
979.197,58(t ;  noultry,  $85,756.5(>3 ; 
bees,  $10,178,087. 


1850 


1900 


Thickens  form  so  wwr**>.  I'^r  -/ 
the  stock  opon  manj  f*.T-'.«i.  T-.*- 
Twelfth  Census  riMw«  f.'zjk'  •;.*•*-  v.*:r- 
.■».737J572  fanns  Id  tl^  f'r..*'-;  .•*-*'w 
in  1900.  and  it  is  iaf«^  to  **j  •;^*  ".'.^ 
which  did  not  havie  Hky*»T.:i  irry^.r  "^ 
stock  were  rery  f*rw  :,v>*^..  'S'-.^ 
Census  also  *iwvs  "Tjt'  •-.*-*  *»•♦* 
2rA)JjSlja^  fffwU  >^^,r't^,*  •.•>>.» 
geese,  and  4ofl»«  5t  zi^  '  *  -><  '  *  *' 
This  *!▼••  •■  a«*rkii^  \'   *-.•";     v 


THE  I'^if  LTHV   INI/I  H'MJV 


'  *  f ::.  * 
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DAIRT   FARMS. 


Tho  Twelfch  CenauB  reports  that  in   ' 
the   year   IflOO   there   were   5.737  372 
farma   in    the   I~iiile<1    RlHieB.   and   of 
thPRe  4.r.H.21fl  had  dairy  cows.  AVhere 
a  farm  wbh  found  u|>oti  which  at  leant   ' 
40   [>er  ocDt.  of   the   value  of  aunual   I 


cleMifi«d  as  a  dairy  lirni. 
total  quant itr  of  mltk  produced  m 
farms  In  thle  rounlry.  during  tbt  jm 
lam.  was  7.2fi(i,392.ti74  saiioni.  or.  Id 
round  Dumbera,  U2,SOU,OO0,UU0  poiaik. 


PRODUCTION  OP  BUTTER 


PRODUCTION  OP  CHEESE 


tSTO 
1860 

1860 


m 


MuniR-iuni.       .  in.l> 
nxi<lc  «f  In...  -2.  a 

I>tHisi>h«ri.'  Afiil Kl.ii 

fiuliihurir  AH.1.    ,  10.U 

rh1<irinp 1. 

Sillrimn. lis. I 

T'.tal 210.00 
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NUMBER   AND   VALUE    OF   DOBiESTIC    ANIMALS:   1900. 


Domestie 
AnimalA. 


Ace  in 
Y( 


TotaL 


On  Farms  and 
Ranees. 


Not  on  Farms  or 
Ranges. 


Number.       Value.        Number.       Value. 


Num- 
ber. 


Estimated 
Value. 


.\ll  domestic  an-  Dollars. 

imaL* ,3.193,856.459 


I     Dollars.  Dollars. 

2.979.197.586    214.658373 


All  neat  cattle. .  . 

Calves 

Steers 

Steens.  .  .     • . . 

Steers 

Bulls 

Heifers 

Cows  kept  for 

milk 

Cows  not  kept 

for  milk.  .  . . 

All  horses.  .  . 


68.335332  1.516.307.270i67.719.410  1.475.204.633  1.616,422    41.102,637 


Under  1.  .  15.577.728  139.638.829  15.315.582  137.290.001 

I&und'r2!  7.008.656  131.392.5221  6.953.113  130.352.202 

2Aund'r3|  5.244.0111  152371.930;  5.193.006  151.386,664 

3  and  over    3.170.009  113.123.532<  3.073.267  109.366.503 


262.146*  2.348,828 
55.543,  1.040.320 
51.005      1.485.266 


land  over!  1. 328.74 1 
]&und'r2    7.254.000 

2  and  over  18. 108.666 


45331.378!  1.315.132       45.362.004 
122.874.299   7.174,483     121.528.0761 


105302 
13.609 
79.517 


3,757.029 
469.374 
1.346.223 


I 


537.496.120  17.135.633  508.616.501  973.033  28.879.619 

I       I      ;  I 

2  and  over  11.634.961  273.078.660  11.559.194  271.302.682   75.767   1.775.978 

i      '        I      I        I      ■ 
21.203.901  1.050.526.967  18.267.020  896.513,217  2.936.881  154.013.750 


Colts 

Horses.  .  . . 
Horses.  .  . . 

All  mules.  . 

Mule  colts. 


Under  1.  .  '.  1.347.919  26.548.413    1.314.829  25.896.871       33.090         651.542 

lAund'r2    1.476.627  49.313.762    1.446.225,  48.298.639       30.402      1.015.123 

2  and  over  .  18.379.355  974.664.792  15.505.966  822.317.707  2.873.389  152.347.085 

i             I  ,             >  I 

3.438.523  207.274.557    3.264.615  196.222,053     173.908    11.052.504 


Under  1. 


,1 


234.784'        6.286.385       231.628         6.201,899 

Mules I  \A  und'r  2i      283.829       1 1.937.495       279.501,      11.755.416 

Mules !  2  and  over     2.919.910     189.050.677|  2.753.486     178.264.738 


3.156  84.486 

4.328         182.079 

166.424    10.785.939 


Assies  and  burros   Aliases.   .'      110.012 

All  sheep 61.735.014 

launbs Under  1  .  .  21,702.447 

Sheep  (ewe^)  .  1  and  over  31.997.274 
Sheep  (rams 

and  wethers),  land  over    8.035,293 


6.776,583        94.165 
170.881.743  61.503.713 


5,811.184 
170,203,119 


42.116.628  21.650.746   42.016.328 
101.732.728  31.857.652  101.288.730 


15347 

231.301' 

I 

51.70V 
139.622 


965.399 
678.624 


100,300 
443.998 


27.032.387    7.995.315       26.898.061       39.978         134.326 


Swine •  AU 

Ooats All 


64.686.155     238.686.872  62.868.041     231.978.0311318.114      6.708.841 
1.948.952         3.402.467    1.870.599         3.265.349       78.353         137.11S 


—  From  Rc|>orts  of  the  Census. 


QUANTITY  AND   VALUE   OF   ANIMAL  PRODUCTS  OF  FARMS:  1899. 


Product. 


Unit  of  Mea.Mure.        Quantity, 


Total.  .  . 


Wool 

Mohair  and  goat  hair. 

Milk 

Butter 

Cheese 


F-«5s 

Poultry 

Honey 

Wax 

Animals  sold 

Animals  slaughtered 

1  Includes  all  milk  pro<luced. 


Pound 

do. 
(■allon 

PoUHfl 

do. 
Dozen 

•    •    • 

Pound 
do. 


27«'),5*>7.5S4 

9r,1.32K 

>  7.2«i5.s04.304 

1.071.r)2n.05<i 

Ui.372.31H 

1.293.G02.433 


Value. 


$1,718,305,561 

$45,670,053 
267.804 


f 


61.099.290        * 
1.763.595        \ 


472.276.783 

144.240.541 
136,830.152 

6.656,611 

722.614.328 
189,809,229 


—  From  Rei)orts  of  the  Cen« 


^ 
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ACREAGE,   QUANTITY,  AND  VALUE  OF   FARM   CROP9    IN   1899. 

From  Reporti  of  lb«  Oomn. 


CVpi.. 

Acre.. 

Mc«ui^. 

Qumtily. 

Vdot 

4.t70,IIW 
U1.114 

AS? 

■6i.TOi,'o«*  ■ 

dT 

"i" 

do! 
Ton 

do. 

?iS"J 

lb. 

do: 

rio! 
Pound 
Gallou. 

M3.Mg.37S 

U9.BM.S77 

Si 

Mlc>]0,Vli 
'I.MCIDO 

•Si 
■■■ffiiffi 

S,(H1,490 

41,517,412 

o»u 

l«iey 

11a 

^rw:;::-. :,:::. :.::::::;: 

«.a».K! 

HliTimd  fo,^. ;. .    

CottDnMed 

123,7»l.i;i 
«,M7.9!II 

S46.IM 

PMniii--'.'  '.'.'..'  .'.'.\.\.'..' 

cSiJ^iu. 

Dry  peaiw 

PotatoBi 

8w«[  potat.*- 

Udidim 

Chicory 

55.013 

ii 

968.370 

3,mw 

w:»).iin 

IV.RN.MO 
0.617.4 1] 

7».fiJ7 

2.1I4.IW 

sSS^.'*"" 

do. 
do. 

ToS" 

1  .S28,7Ta 
.15S.44T 

Tii 

2>1.70I 

\■°^■f^ 

*T"F^-.i.i 

3Sfi,'Ma 

"  i.g»i.:^vi 

}r)  si'rupTajJ?'. *■.':: :.-- 

Sorghum  caw 

■■mw 

4,3U.4:i 

Sugar  bntv.  . 

y.307 
la.ioii 

a.Ma.  w 

Si3iiS!:;::  ■■■■■ 

aiilsuieoo 

<  u.oao.at 

SSL.,;; 

«nl  inclwling  IBMfii 
rmnprii-inK  all  rune  e 
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SCIENTIFIC    AMERICAN 


FRUIT    PBODUCTS. 
froin  ibe  Uniud  State*  Cow 


;ix:.- 


IlI,M6.t4«       CUJSIX 
175.»T.«M 

I.M1.IZS 

1.871. 49> 
15,4n.«21 

S.7M.OI2 

sn.ni 

1.7*4,827 

IM.tflT 

U1.6ZS.&I0         IS.<n(L»~ 

fil.l89.SSI 

I8.592.GM 

fl.iai.ua 

76.828. 107 


6.I7I.2» 
136.030 
2.»S0J40 
SO.TSI 
2.»IW.Z39 


RTATTSTIfS    OK    PRINCIPAl-    CROPS. 


637.321 ,8U 
7S4,0»I.1M 
iai.8tl,3M 

»,3e3,ti« 

li.2U.M4 

!4T.i>r,aM 

BI.SU.M 
l0.7U.«t 
SI  5.971. 411 
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Ml 

STATISTICS     OF    PRINCIPAL    CROPS-Conmiuarf. 

Crop.                        1      Year.      |       I'Dit.             Farm        FBrm  Value. 
1                                          1      Prj«.      1 

IX£!i 

Z0Z.V0e.2Tl 

nntftad  of  bLii^bcLB. 

STATISTICS   OF    PRINCIPAL    ANIMALS. 


;           Y«r. 

Number. 

Value. 

Horw.  ,  . . 
Uules 

...    .              1M4 

1       I0.716.0M 
III 

t1.13B.M0,»g 
217.532,916 

1 

CUTS    OF    MEAT. 


The  method  of  dividios  up  the  car-  ' 

cassEB   of   slaughtered   animHls   varies  | 

•-ODsiderabl.v  in  different  localitieH.     In  i 
order  that  Ibere  may  he  no  I'onFiiHion 


n  this  account  the  character  of  the 
utK  of  beef,  veal,  porh  and  mutton 
I   shown   in    the   diagrnma    given    on 


THE    FUNCTIONS    AND   USES   OF   FOODS. 


Office  of  E-rpcri 
Id    thia    article    a    number    of    the   i 
terms  used  in   diseusBing  footl   Bie  de- 
fined    an<l     Home     of    the     principles   | 
■      briefly      atnted.   . 
mposllion      of      a   ' 


of       the 
I   fooda   ia  quoted   t 


well   e 


With  the  aid  of 
value  of  any  i 
lie  oompiited  and  ita  con 


Ordinary  food  materialH.  cuch  as 
meat,  fish,  eggs,  potatoes,  wheat,  etc., 
consiat  of: 

Refutr. — Aa  the  hones  of  meat  and 
Hah,  ahella  of  shellfiiih.  shins  of  potn- 
toe«,  bran  of  wheat,  etc. 

Edible    Porfiox.^As    the    fle«h    of 


Intent  Stations. 
meat  and  fish,  the  white  and  yolk  of 
eggs,  wheat  Hour.  etc.  The  edible  por- 
tion oonsists  uC  water  and  nutritive 
ingredients,  or  nutrients.  The  nutri- 
tive ingredienta  are  priilvin.  fall,  car- 
hohi/dralct  and  mjiicraf  matltr$. 

The  water,  refuse,  end  nalt  of  salt- 
ed meat  and  (isb  are  called  non-nutri- 
ents. In  comiiariiiB  the  vulues  ot  dif- 
ferent food  mnterinis  for  nourishment 
tliey  are  left  out  of  account. 


Foo<l   is 

used 

lissu. 

and 

r  in  whieh  the  valu- 

"L,r»' 

e  expreesed 

n  tabular  form 
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of  milk.  Isw  meat ,  (luMD 

viist! 

Fomu    linue    (mUKln. 
tcDdoD.  nod  pnbably 
f»t). 

■trensth. 

F»t  ot  moftt.  butler,  oliv 
coimuid  wWt,  etc. 

oa,  •Alt  of 

nVX 

Bufar.  si*rcb.  etc. 
Hiniinil  mattfln  (Hh) 

^^:iu." 

TAe  fuel  FaZue  0/  food.— Heat  and 
muscular  power  are  forms  of  force  or 
energy.  The  energy  ia  developed  a  a 
tbe  food  IB  coDBamed  io  the  body.  The 
unit  tomoiOQly  used  in  [hia  ineaHUre- 
meDt  ia  the  calorie,  the  amouot  of  heat 
which  would  raise  the  temperature  of 
a  pound  of  water  4  di-g.  Fahrenheit. 

Instead  of  this  unit  aume  utiil  of 
mechanical  energy  might  be  used — for 


r  MUTTON. 
inatance,    the    fool -ton,    which    rep  re 
aeulH  the  force  rpcjoired   To   raise  ont 
. ,__.      ....       .,^j.jp  jg  ^^g,  j^ 

„  ^  I  estimate  hai 

been  made  tor  llie  nvenifte  amount  01 
potential  encrKy  in  1  imunil  of  each  01 
the  i-lniweH  of  iiiilrii'iil.s ; 


DIAQKAM    OF   CUTS    OF   VF.AI_ 


a  pound  of  protein  of  lean  men)  c 
iiumen  of  egg  is  Just  nltout  njuiv 

little  over  two  pounds  of  either  n 


be  required  (o  equal  a  pound  of  the  fai 
of  meat  or  butler  or  the  bod,v  fal. 

Within  rei'ent  years  analyses  of  > 
large  number  of  samples  of  foo<ls  hfli" 
been  made  In  this  counlrj-.  In  ihf 
tables  on  pagea  3(;4-.<{ir7  Ihe  results  ot 
a  number  of  these  analfaen  are  givpn: 
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AVERAGE    COJiPOSlTION    OF    AMEIUCAN    FOOD    PRODUCTR 


Food  MA.tBria1«  (&»  purcliaaeii)- 


Neck. .     .      .        

Kouail 

Bhuik,  fon.  ■ . 

HHHililsr  ud  elnl 

Hinil  qiiwtef. 

Bad.  BDtiiad,  eaniinl.  pickled,  ■ 

coniBii  t»r. 

ToniPM.  uiekled.  .  .   .      .. . . . 

Dried,  wlted.  ud  (moked. . . 

" '  Vriled  beef 

wRMd  beef 


Veal: 


Minil  qiisner. . 
Mullnn: 

Rank 

I*«.  hinil 


PerCl.  PwCt.  PorCl,  P«rCl.  PtrCt.  P«Cl. 


56.1  I   IS.B 

SJ.B  IS. 4 

S2.4  l».l 

H.D  \   ID. 5 

U.3  14.4 

64.8  I    IS  4 

B3.5  19.3 

4«.9  '   n  2 


3. a  I  la.o  .  24.0 


»'■.'"- '■ 

■'i'7 

Kisli: 
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E    COMPOSITION     OF     AMERICAN     FOOD     PRODUCTS— Coftfinuerf. 


ftterials  (as  purchased). 


I 


Ref-  1^         '  Pro- 
use    ; water,    ^in^ 


Fat. 


Car- 
bohy- 
drates. 


Ash. 


Fuel 

Value 

per 

IJb, 


I  Calo- 
! Per  Ct .  Per  Ct. .  Per  Ct.  Per  Ct.  Per  Ct .  Per  Ct . !   ries. 


14.2 
»5.0 


wUds". 


'  52.4 
'61.7 
Ml. 2 


ts,  etc. 


milk. 


sddar 

.  cream 

Vegetable  Food. 
3tc.: 

at  flour 

ur 


r,  patent  roller  process- 

de  and  medium 

ie 


56.8 
53.6 

88.3 
80.8 
36.7 
30.7 
65.5 

11.0 
87.0 
90.5 
91.0 
26.9 
74.0 
27.4 
34.2 


11.4 
11.3 


19.5 
23.7 

6.0 
10.6 


7. 
5 
11 


leat. . 
flour. 


1.0 
3.3 
3.4 
3.0 

8.8 

2.5 

27.7 

25.9 


13.8 
13.3 


12.0 

11.4 

12.0 

14.0 

78.4 

3.0 

10.1 

11.1 

13.6 

6.4 

12.5 

9.2 

7.3 

16.1 

12.3 

8.0 

11.4 

.4 

',  etc.: 

d 

id 

sad 

at  bread. 


kers.  . . 
'.kers.  . . 
ers.  .-. . . 


35.3 

43.6 

35.7 

38.4 

35.7 

19.9 

6.8 

4.8 

5.9 

25.1 


9.2 
5.4 
8.9 
9.7 
9.0 
6.3 
9.7 
11.3 
9.8 

2.4 


7.5 
12.1 

1.3 

1.1 

.9 

.7 

9.3 

85.0 

4.0 

.3 

.5 

8.3 

18.5 

36.8 

33.7 


1.9 
2.2 

1.0 
1.9 
1.5 
1.7 
1.2 
1.9 
7.2 
.3 
.1 


3.3 

5.2 

.6 

.2 


5.0 
5.1 


1.3 

1.8 

1.8 

.9 

.6 

9.0 

12.1 

10.5 

9.1 


4. 
54. 
4 
4. 
2. 


71.9 
71.4 

75.1 

71.2 

15.8 

75.5 

77.9 

75. 

67. 

79 

88.0 

90.0 


4 
.5 

0 


18.2 

.4    I 

lulated 

1                                                  1              1             ' 

#.  ...  ......•■ '......I.. 

d 

ta,  shelled, 
ng 


(sweet),  edible  portion. 


7.0 
20.0 
15.0 
20.0 


15.0 
15.0 


10.0 


12.6 
68.5 
83.0 
70.0 
77.7 
75.6 
75.4 
81.1 
80.5 
88.1 
78.9 


w  Ba'itnim),  drie<l 


20.0       66.4 
i     9.5 


22.5 
7.1 
2.1 
1.3 
1.4 
.9 
3.1 
.7 
1.0 
3.5 
1.4 
1.3 

24.6 


53.1 
47.1 
52.1 
49.7 
53.2 
63.3 
69.7 
70.5 
73.1 

69.3 

96.0 

81.2 

1100.0 

■   71.4 

I   59.6 
22.0 
I     6.9 
I     7.7 
;     4.8 
I     2.6 
19.7 
I     2.6 
i     2.5 
1     6.8 
I     8.9 
.4    !    10.8 
1.0   I   62.0 


1.8 

.7 

.3 

.1 
o 

.1 
.1 
.2 
.2 
.4 
.3 


1 


2.0 
5.3 

1.1 

2.3 

1.4 

.8 

.9 

3.0 
.7 
.7 
.7 

1.9 
.5 

4.0 

3.8 


1.0 

1.8 


.5 

.9 

1.3 

1.6 

.9 

1.0 

1.9 

.4 

.1 


1.1 
2.1 
1.5 
1.3 
1.5 
1.5 
1.7 
2.9 
2.1 

3.2 


.2 


3.5 
1.7 
.  / 
.9 
.9 
.8 
.7 
.4 
.8 
2 


1 


.5 
1.1 

2.9 


680 
950 

230 
340 
195 
140 
635 

3.605 
325 
170 
165 

1.520 
910 

2.145 

1.950 


1.675 
1.670 

1.650 
1.665 
415 
1.685 
1.620 
1.655 
1.860 
1.630 
1.650 
1.675 

1.215 
1.050 
1.210 
1.140 
1.180 
1,675 
1.990 
1.965 
1.925 

1290 
1.785 
1.520 
1.800 
1.330 

1,605 

570 

180 

170 

125 

70 

470 

70 

75 

210 

205 

240 

1.655 


oil.         2  Refuse,  nhcll. 

ed  on  an  average  cane  sugar  2.8  and  reducing  sugar  71.1  pen  cent.     The  reducing 
noosed  of  about  equal  araount^M  of  glucose  (dextrose)  ancl  fruit  sugar  (levulone). 
egetables  as  potatoes,   squash,  beets,  etc.,  have  a  certain  amount  of  inedible 
I,  seeds,  etc.     The  amount  varies  with  the  method  of  prev^axxtvi^  \.Vk»  N«i«iVa!^W,*5A 
Burately  estimated.     Tlic  figures  given  for  refuse  oi  ye»6V«^\«a.  \tol\\»,  ^V^c.,  *a% 
onsen t  approximately  the  amount  of  refuse  in  t\ieae  ioooa  «a  oxavtta.T\"^  \>x«^'*x^. 
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AVERAGE    COMPOSITION    OF    . 

AMERICAN 

FOOD 

PRODUCTS— ConlMwai 

Food  Materials  (aa  purchased). 

Ref- 
use. 

Water. 

Pro- 
tein. 

Fat. 

Car- 
bohy- 
drates. 

Ash. 

1 

'  Fori 
Valiit 

Vegetables — (Continued) : 

Peas  (Pisum  atUivum),  shelled 

Cowpeas,  dried 

PerCt. 

PerCt. 

74.6 
13.0 
62.6 
56.6 
55.2 
92.3 
44.2 
94.3 
62.7 

85.3 
76.1 
94.0 

63.3 
48.9 
58.0 
62.5 
44.8 
63.4 
76.0 
66.1 
85.8 
85.9 
37.5 

28.1 
81.4 
13.8 
18.8 

2.7 
2.3 
2.6 

.6 
37.8 
4.5 
7.2 
3.5 
1.8 
1.4 
1.4 
6.9 
2.0 

.tJ 

1.0 

13.1 

5.9 

4.(3 

08.2 

Per  Ct. 

7.0 

21.4 

1     1.8 

.       .4 

'     2.1 
.7 
.9 
.9 

3.6 
2.8 
1.2 

.3 

.8 
1.0 
.7 
.3 
.6 
.5 
.8 
1.0 
.9 
.2 

1.6 

.9 

1.9 

4.3 

11.5 
13.0 
8.6 
3.8 
5.2 
8.1 
2.9 
6.3 
7.5 
5.8 
5.2 
19.5 
8.7 
7.2 
6.9 
2.3 

12.9 
21.6 

.2 

PerCt. 
0.5 
1.4 
.1 
.4 
.6 
.3 
.2 
.4 
.1 

.2 

1.2 

.2 

.3 

.4 

1.2 

.5 

*    .*{■ 
.4 
.7 

'  "  .6 ' 
.1 

2.2 

'2"5* 
.3 

30.2 
34.0 
33.7 
8.3   1 

5.3 
25.9 
57.4 
31.3   ! 
25.5 
33.3 
29.1    i 
36.8   , 
14.6   1 
26.6   1 

3.0 

48.7 
28.9 

1 

PerCt. 

16.9 

60.8 

14.7 

2.2 

21.9 

3.2 

4.5 

3.9 

5.7 

9.8 

19.0 

4.0 

10.8 

14.3 

14.4 

5.9 

4.6 

8.5 

12.7 

31.5 

12.6 

7.0 

2.7 

66.1 
17.3 
70.6 
74.2 

9.5 

7.8 

3.5 
.5 
35.4 
56.4 
14.3 
31.5 

6.2 

4.3 

6.2 
18.5 
10.2 

3.0 

6.8 
68.5 

30.3 
37.7 

1.4 

PerCt. 

1.0 

3.4 

.8 

.4 

.9 

2.1 

.4 

.5 

rien. 

465 

1,560 

Potatoes 

20.0 
40.0 
20.0 

310 

Rhubarb 

(>5 

Sweet  potatoes 

640 

Spinach 

no 

Squ^^hr  -  t . . 

50.0 

105 

Tomatoes 

105 

Turnips 

30.0 

.6 

125 

Vegetables,  canned: 

Peas  {Pisum  tcUivum)^  green 

1.1 
.9 
.6 

.3 

255 

Com,  ereen 

455 

Tomatoes 

105 

Fruits,  berries,  etc.,  fresh :i 
Apples 

25.0 
35.0 
25.0 
30.0 
50.0 
27.0 
10.0 

220 

Bananas 

.6 

300 

Grapes 

.4        335 

Lemons 

.4   ,      145 

Muskmelons 

Oranges 

.3          M 
.4         170 

Pears 

.4        260 

Persimmons,  edible  portion 

.9         630 

Raspberries 

.6        255 

Strawberries 

5.0 
59.4 

.6         175 

Watermelons 

.1          60 

Fruits,  dried: 

Apples 

2.0      1.350 

Apricots 



.4         340 

Dates 

10.0 

45.0 
40.8 
49.6 
86.4 
16.0 
24.0 
»48.8 

52.1  ■ 

62.2 

53.2 

24.5 

40.6 

74.1 

5S .  1 

10.0 

1.2      1.450 

,  Figs 

Nuts: 

Beechnuts 

Brazil  nuts 

2.4      1.475 

1.1       1,660 
2.1       1.820 
2.0      1,655 

Butternuts 

.4         430 

Chestnuts.  frcMh 

1.1         945 

Chestnuts,  dried 

1.7      1.425 

Cocoanuts 

Coooanut,  prepared 

Filbert-'* , 

Hickorv  iiut.^ 

.9 
1.3 
1.1 

.8 

1.413 
3.125 
1.575 
1.265 

Pecans,  poli.-jhed 

Peanut.'H 

.7      1.620 
1.5      1.935 

Pifion  {Pinu9  eduliH) 

Walnut.s,  ralifornia,  black 

1.7 

.5 

.6 
3.1 

2.2   ' 
7.2 

.2 

1.905 
805 

Walnuts,  California,  .^loft-shell 

Rai'^ins 

1.375 
1,455 

M  i'icellaneoa*' : 

Chocolate 

Cocoa,  powdered 

Cereal  coflfee,  infusion  (1  part  boiled  in 
20  parts  water)  •'* 

2,860 
2.320 

30 

*  Fruit.s  contain  a  certain  proportion  of  inedible  materials,  as  skin,  seeds,  etc..  which  are 
properly  cla-ssed  iis  refuse.  In  .^oine  fruits,  as  orange?*  and  prunes,  the  amount  rejected  in 
eatioK  \H  practically  the  same  as  refuse.  In  others,  as  ap|>l€^  and  pears,  more  or  less  of  the 
edible  material  is  ordinarily  rejecte<l  with  the  skin  ainl  seeds  and  other  inedible  portion.*. 
The  e<lible  material  which  is  thus  thrown  awav,  and  should  properly  be  classed  with  the  waste. 
is  here  clas^^ed  with  the  refuse.  The  figures  for  refuse  here  given  represent,  as  n.3arly  as  can 
be  a.'^certained.  the  quantities  ordinarily  rejected. 

2  Milk  and  .shell. 

•''The  average  of  five  analyses  of  cereal  cofTef*  gram  is:  Water  6.2,  protein  13.3.  fat  3.4, 
carbohy«lrates  7_'.f'>,  and  ash  4.,'j  per  cent.  Only  a  portion  of  the  nutrients,  however,  enter  into 
the  infusion.  The  average  in  the  table  reproent^^  the  availaV>le  nutrients  in  the  beverace  In- 
^Ufiions  of  genuine  coffee  and  of  lea  Uke  X\\e  aVwvo  cotvVavtv  v'ttxcVvc^JiVs  twv  tMitiiente. 
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DIETABT  STANDARDS. 


Oietary  studies  have  been  made  in 
considerable  numbers  in  different  coun- 
tries. The  results  of  such  studies  and 
experiments  to  determine  the  amount 


of  food  required  by  men  engaged  in 
different  occupations  have  resulted  in 
the  adoption  of  dietary  standards. 
Some  of  these  follow : 


STANDARDS   FOR  DAILY  DIETARIES. 


Nutrients. 

Fuel. 
Value. 

Character  of  Work  to  be  Perfonned. 

Protein. 

Fat. 

Carbohy- 
drates. 

European: 

Man  at  moderate  work 

Pound. 
0.26 
.32 

.20 

.22 
.28 
.39 

Pound. 
0.12 
.22 

Pounds. 
1.10 
.99 

Calories. 
3,055 

Man  **•  hard  work.  ,  , 

3,370 

American: 

Man  without  muscular  work 

3.000 

Man  with  lisht  muscular  work 

3,000 

Man  with  mrKierate  muiicular  work, 

3,500 

Man  with  hard  muscular  work 



4.500 

The  table  of  composition  of  food  ma- 
terials shows  the  amount  of  water, 
protein,  fat,  carbohydrates  and  ash 
content  and  the  total  fuel  value  per 
pound  for  each  kind  of  food  named. 
The  protein,  fat  and  carbohydrates  all 
furnish  energy.  In  addition  to  fur- 
nishing energy,  protein  forms  tissue. 
Since  protein  and  energy  are  the  essen- 
tial features  of  food,  dietary  stand- 
ards may  be  expressed  in  their  simplest 
form  in  terms  of  protein  and  energy 
alone. 

Observation  has  shown  that  as  a  rale 
a  woman  requires  less  food  than  a. 
man,  and  the  amount  required  by  chil- 
dren is  still  less,  varying  with  the 
age.  It  is  customary  to  assign  cer- 
tain factors  which  shall  represent  the 
amount  of  nutrients  required  by  chil- 
dren of  different  ages  and  by  women 
as  compared  with  adult  man.  The  va- 
rious factors  which  have  been  adopted 
are  as  follows: 

FACTORS  USED  IN  CALCULATING  MEALS 
CONSUMED    IN    DIETARY    STUDIES. 

One  meal  of  woman  equivalent  to  0.8 
meal  of  man  at  moderate  muscular  la- 
bor. 

One  meal  of  boy  14  to  IG  A-ears  of 
age,  inclusive,  equivalent  to  0.8  meal 
of  man. 

One  meal  of  girl  14  to  10  years  of 
age,  inclusive,  equivalent  to  0.7  meal 
of  man. 

One  meal  of  child  10  to  13  years  of 
age,  inclusive,  equivalent  to  0.6  meal 
of  man. 

One  meal  of  child  6  to  9  years  of 
age,  inclusive,  equivalent  to  0.5  meal 
of  man. 


One  meal  of  child  2  to  5  years  of 
age.  inclusive,  e<iuivalent  to  0.4  meal 
of  man. 

One  meal  of  child  under  2  years  of 
age  equivalent  to  0.3  meal  of  man. 

These  factors  are  based  in  part  upon 
experimental  data  and  in  part  upon 
arbitrary  assumptions.  They  are  sub- 
ject to  revision  when  experimental  evi- 
dence shall  warrant  more  definite  con- 
clusions. 

The  plan  followed  in  making  dietary 
studies  is.  briefly,  as  follows :  Exact 
account  is  taken  of  all  the  food  ma- 
terials (1)  at  the  t)eginning  of  the 
study,  (2)  purchased  during  its  prog- 
ress, and  (3)  remaining  at  the  end. 
The  difference  between  the  third  and 
the  sum  of  the  first  and  second  is  taken 
as  representing  the  amount  used.  From 
the  figures  thus  obtained  for  the  total 
quantities  of  the  different  food  ma- 
terials the  amounts  of  the  different  nu- 
trients and  the  energy  furnished  by 
them  are  calculated.  Deducting  from 
these  values  the  nutrients  and  energy 
found  in  the  kitchen  and  table  refuse, 
the  amounts  actually  consumed  are  ob- 
tained. Account  is  also  taken  of  the 
meals  eaten  by  different  members  of 
the  family  or  groups  studied  and  by 
visitors,  if  there  are  any.  From  the 
total  food  eaten  by  all  the  persons  dur- 
ing the  entire  period  the  amount  ealen 
per  man  per  day  may  be  calculated. 
In  making  these  calculations  due  ac- 
count is  taken  of  the  fact  that,  as  stat- 
ed above,  women  and  children  eat  less 
than  men  performing  the  same  amount 
of  work. 
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COMPAIUMON     OK    CANNED    COOPS     PUT     UP     IN    THE     UNITED     STATES 
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CHAPTER    XVT. 


MXSCELLATTEOUS    INFORMATION. 


mbrrofM 


iDouidsioenl  liobting 
All  olhu  elartrir  aerr 
Income  from  si]  other  hui 


Public. 


Elamie  hutlnt , . . 
Chunnc  sutomobi 
All  otW  dcciirie  H 
All  otlwr  »Bn(9. . 
Vn*ly!<iK  ■of  inippliBt,  niBMrii 


Number. . . 
Number, . . 


IncBndttiMlit  lunp  flllingn. 
CiaboDt  lor  Mtt  Imbph— 

Numhtr 

Cart 

Globes  tor  an  lunp* — 


Pol«  or  other  supporla.  c< 

M'ire  and  Hbla  e<»t 

Mill  suppliBi  loil,  wMle,  ei 


tS4.1S6. 


Ill, SOS, 
I   112.023. 

(S5.70D, 
>25,4gl, 

*S.460. 
(17,020. 
•44,SGT. 
Hl,907, 

I2.74B. 

te.910, 


5  177,349.74. 

5  122.091.800 

2  (41.297.484 

S  ;  (13.960,405 


l6.S3e,M6 
•3.3B0.245 
•3.359.618 

■87,993 


,20e  ,  til. 456.037 

-■5  I  |12,118,7J- 

S  i  178 ,735. 5C 

5  I  122,091, 8C. 

0  I  18,220,154 

S  (1.1,871,646 

2  (41,297,484 

3  .  138,030.557 
9  I  12,257.927 
7  I  19,839.677 
5  (2,301,343 
3  I  (30.155 


(128.249 
(2,422.291 
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329 
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03.6S3 
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CENTRAL   ELECTRIC    LIGHT    AND    POWER    STATIONS, 
UNITED  STATES.  l902'-^antinued. 


ITEMS. 


Subetation  plants — Continued : 
Tntnaformers — 

Number 

Horse|>ower 

Rotarv  converters — 

Number 

Horsepower 

Mifioellaneous — 

Number 

Horsepower 

Transfonners  on  circuits  for  consumers: 

Number. 

Horsepower 

Meters  on  consumers'  circuits,  total 

Mechanical 

Chemical 

Output  of  stations: 
Kilowatt  hours — 

Total  for  year 

Average  per  day 

Horsepower  hours  of  current — 

Total  for  year 

Avera^  per  day 

Analysis  of  service : 

Arc  lighting — number  of  lamps  in  8er\'ice 
.^Egregate 


Commercial  or  other  private,  total . 

Open 

Inclosed 

Direct  current 

Open 

Inclosed 

Alternating  current 

Open 

Inclo8e<l. 

All  other 

Open 

Inclose<i 

Public,  total 

Open 

Inclosed 

Direct  current 

Open 

Inclosed 

Alternating  current 

Open 

Inclosed.  

All  other 

Open 

Inclosed 

Incandescent  lighting — lamps  in  service — 

Aggregate.  ..... . . 

Commercial  or  other  private,  total . 

16-candlepower 

32-candIepower 

All  other  candlepower 

Public,  total 

16-candIepower 

32-candler)<)wer 

All  other  candlepower 

Motors  in  ser\'icc — 
Stationary — 

Number 

Horsepower 

Railway  car,  number  of  cars  served. .  . . 
Character  of  ownership: 
When  instailwl — 

I  ndividual 

Corporation 

Municipal 


2,525 
420.667 

163 
85.556 

140 
21.443 

207,151 
922,774 
582,689 
575,004 
7.685 


S,507,051,n5 
6,960,783 

3,341,943.090 
9,294,456 


385,698 

173,973 

42.988 

130,985 

104,176 

38.120 

66,056 

67,538 

3,733 

63.805 

2.259 

1,135 

1.124 

211.725 

138.684 

73.041 

154,749 

125,298 

29.451 

48.063 

4,630 

43.433 

8.913 

8.756 

157 

18.194,044 

17,738.384 

15,261.067 

514.679 

1.962.638 

455.660 

296.776 

59.988 

98.896 


101,064 

624,686 

2.379 


1.041 
1.921 


Privat«  ati 
tiona. 


2.490 
419.368 

162 
85.546 

135 
21.260 

170.081 
822,668 
526,011 
518.428 
7.583 


2,311.146,676 
6.413.012 

3.083.212,074 
8.566.231 


334,003 

168,180 

41.622 

126,558 

101,849 

36.856 

64.093 

64.085 

3.631 

60,454 

2.246 

1.135 

1,111 

166.723 

108.082 

58.641 

110.520 

06.650 

22.861 

38.316 

2.681 

35.635 

8,887 

8.742 

145 

16.616,503 

16,243,853 

13.800.281 

484.246 

1.869.326 

372.740 

235.842 

47.063 

89.835 


00,102 

610.283 

2,370 


064 

1.828 

13 


MlUttQ 


U 

I 

« 

* 


106.9( 
5* 

258,7 
7 
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CENTRAL   ELECTRIC   LIGHT   AND    POWER    STATIONS, 
UNITED  STATES,  1902— CoiKinuad. 


rxxMs. 


baracter  of  ownership — Continued: 
In  1902— 

Individual 

Corporation 

Municipal 

haracter  of  service: 


Arc  lighting — 


>mmercial  or  other  private.  .  . 

Public 

Incandescent  lighting — 

Commercial  or  other  private. . . 

Public 

Motor  |>ower — 

Stationary. 

Electric  railway 

All  other. 

tocks  and  bonds  issued,  total  par  value . 
apital  stock: 

Authorised,  total 

Issued,  total 

Kvidends,  total 

Common — 

Authorised 

I<«ued , 

Dividends 

Preferred — 

Authorised 

Issued 

Dividends 

londs: 

Authorised 

Outstanding 

Interest 

oet  of  construction  and  equipment : 

To  date 

During  the  year 


766 

2,049 

815 


2,020 
2,522 

3,484 
2,491 

1.093 

159 

161 

$639,125,363 

$435,178,372 

$372,951,952 

$6,189,837 

$407,807,934 

$349,080,281 

$5,560,341 

$27,370.4.38 

$23,871,071 

$629,496 

$320,743,376 

$266,173,411 

$12,623,545 

$504,740,352 
$41,792,447 


1,667 
1,810 

2,752 
1,889 

975 

157 

152 

$627,515,875 

$435,178,372 

$372,951,952 

$6,189,837 

$407,807,934 

$349,080,281 

$5,560,341 

$27,370,438 

$23,871,671 

$629,496 

$308,117,894 

$254,563,923 

$12,118,740 

$482,719,879 
$40,050,613 


Municipal 
stations. 


815 


353 
712 

732 
602 

118 

2 

9 

$11,609,488 


$12,625,482 

$11,609,488 

$504,805 

$22,020,473 
$1,741,834 


COMPARATIVE    VELOCITIES, 

PER  SECOND. 

Snail  (0.0394  inch),  I  millimeter. 
Pedestrian  (39.37  inches)  I  meter  — 1.09  ya. 
Horse,  walking,  1.2  meters— 1.31  yards. 
Pedestrian,  9Uick  walk,  2  meters  — 2.19  ya. 
Horse,  trottijog,  3.5  meters  — 3.82  yards. 
Mild  wind,  4  meters  — 4.37  yards. 
Horse,  galloping,   4.5  meters  — 4.91  yards. 
Steamer,  ordinary,   5  meters  — 5.47  yards. 
Sail-boat,  8  meters   —8.75  yards. 
Ocean  steamer.   10  meters  — 10.93  yards. 
Skater,  12  meters  — 13.08  yards. 
Freight  train,  12  meters  — 13.08  yards. 
Gale,  17  meters  — 18.53  yards. 
Passenger  train,   18  meters  — 19.62  yards. 
Carrier  pigeon,  18  meters -19.62  yards. 
Bicycle,  racing,  20  meters -21.87  yards. 
Race  horse,  25  meters -27.05  yards. 
Express  train,  28  meters  — 28.14  yards. 
BwaUow.  45  meters -40.05  yards. 
Sound,  330  meters  -  360.70  yards. 
Rifle-ball    (breech-loader),    430    meters  = 

468.70  vards. 
Cannon  ball,  450  meters  -  490.50  yards. 
Axial  revolution  of  the  earth  at  equator, 

450  meters  — 490.50  yardf. 
Revolutions  of  the  earth  around  the  sun, 

30  kilometers  — 18.64  miles. 
Light,  300.000  kilometers  -  186.400  miles. 
Electricity.  400,000  kilometers  -  248,500  mi. 


— Cennu  ReporU. 

TABLE  OF  ELEVATIONS  OF  OBJECTS 

ABOVE  SEA  LEVEL.  WITH  THEIR 

CORRESPONDING    DISTANCES 

OF     VISIBILITY. 


Height, 
in  Feet. 


Distance, 
in  Nauti- 
cal Miles. 


5 
10 
15 
20 
25 


2.555 
3.614 
4.426 
5.111 
5.714 


Height.  P^°??' 
in  vl»*  ^^  Nauti- 
"**®«^-     calMUes. 


50 

100 

250 

500 

1.000 


8.081 
11.428 
18.070 
25.555 
36.140 


Distances  corresponding  to  heights  not  in- 
cluded in  the  above_tablc  may  be  found  by 

the  formula  D  — f^'//.  in  which  f/  — the  ele- 
vation, or  height,  in  feet,  of  the  object  above 
sea-level,  and  D  — the  corresponding  distance 
of  visibility,  in  nautical  miles.  The  formula 
is  bajted  on  the  mean  cur\'ature  of  the  Muih 
and  is  corrected  for  ordinary  atmospheric 
refraction. 

The  distance  of  visibility  of  a  light  may  be 
augmented  bv  abnormal  atmospheric  re- 
fraction, which  usually  increases  with  the 
height  of  the  barometer  and  a  falling  tern- 
pertiture. 
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HO«'  TO  READ 

The  dial  marked 

the  accompanying  illi ..   

ded  iDlo  hundreds:  Ihe  dial  marked 
-10  TllorHAND"  U  dividHl  into  Ihou- 
aandB;  that  marked  ~1U0  tuousanu' 
into  l^n-thousandB,  and  Ihat  marked 
"1  million"  into  hundred-thousands. 
When  1.000  i-uhic  feel  of  gas  have  been 
consumed,  the  pointer  on  the  dial 
marked  "1  thoumakb"  will  have  made 
a  (-omi>IeIe  rotation  and  the  fact  will 
he  indicated  by  the  pointer  of  Ihe  next 
dial  at  the  left,  which  will  iioint  to  the 
figure  1.  When  1«.IKKI  cubic  feet 
of  HUB  have  been  consumed,  the  point- 
er on  the  "10  TlIO^■8A^-»"  dial  will 
IKiint  to  1,  and  so  on.  In  reading  a 
gas  meter,  put  down  the  hundreds  hrst, 
then  Ihe  thousands,  and  so  on,  alwayH 
counting    the    figure    just    under,    or 


A  GAS  MliTEIL 

which  haa  juat  been  panrd  br.  tkt  | 
pointer.  In  the  iliuatratiou  about  hill  |_ 
3  hundred  is  jndicaled  on  the  '\ 
TaovsAno"  dial,  thre«  Ihousandt  ii 
indicated  on  the  next  dial,  two  It^ 
thousands  on  the  next  dial,  aad  ow 
one- bund  red- tbousandB  on  the  ~1  hil- 
lion"  dial.  The  reading  will  be  13.- 
050.  The  dial  marked  "ten  ttet'  is 
called  the  units  dial.  It  is  usrd  for 
tealiog  Ihe  meter  to  diacover  whether  il 
ia  in  working  order  or  not.  Each  mail 
represents  a  cubic  foot  and  (he  coa- 
plete  circle  10  cubic  feet.  If  tlw 
pointer  mores  when  no  gas  is  bnrnint 
it  indicates  a  leak.  If  it  dors 
move  when  the  gas  is  burning,  or  i 
motion  is  unsteady,  it  indicate!  a 
rangemenl  in  the  mechanism  and  ibon 
that  the  meter  requires  attentioa. 


CUBIC 


CAS   METKR    INDICATOR  DIAI.a 


Twenly  .ItJUn, 
Fifty  dollnrH. . 


tA71.3U        tKH.OfiX  I         I5S.2N2!...    I     45,<HS.0i; 

IZ.JTS.tiliO     S.  189.330  i     62,M ,..-.  .~... 


'9,S20  j  l8(i.(W",2S0    . 


ll.iaW.AOO        510,000 


14,2M,O00| 

5a.9os.ntt 

49,.'»a.D00  .  , 


P3.000  .  445,8!)»,Mi.  i 


i9.9;4.M9    47I.MI.OO0  t 


074,1(89    »71,»IH.0OO'  1.T67.T79.*!' 
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AMOUNTS  OF  GOLD  AND  SILVER  COIN    AND  CERTIFICATIM.  UNlTta)  STATES 

NOTES,  AND  NATIONAL  BANK  NOTICS  IN  CIRCULATION  AND  IN  THE 

TREASURY  MAY  1  AND  JINE  1,  1904.  RESPECTIVELY. 

4.  wlImftMd  &I  SI,7S3.0(»:  einula- 


CUu«fic»lion. 

G*iMndSt«k 

Held  in  Trau- 

UTVUA><»^U< 

Jun.  I.^IW, 

Money  in 
jilI^."l?VM4". 

gSSS,°,£'S-'"'""'"'~"'":;:: 

Dollan. 

1,31  J.  120^88 

DoUftn. 

817,SB2.S91 

DoUan. 

S!:ffi.a 

SM,u;,4]a 

'S:!a!S 

348.MI.01B 

>.37e.e36 

Treuury  notn  <rf  ISM. . 

MS.»8«.56S 

14.257  .S81 

ToUJ 

2.7SS.30O.789 

17S.020.g7Z 

Z.50e,!7».»l7 

II  nf  money  Iwld  in  tl 


dude  depoflilA  of  publio  maney  in  n&tionkl-buik  depAsit& 

of  the  Uniied  Statw.  ud  unountinji  id  SI0«.84e,7Sf4$. 

priite  kinda  of  money  ■■  held  in  the  'nieuury.  uid  ie  not  included  in 


the  eiwiit  al  the  Treuurer 

of  the  appTo- 


PUBLIC  DEBT  OF  THE  UNITED  STATES. 

Cla^'ifiralion.  I     May  31.  1«04. 

I  Dullani. 

Interest-bearing  debt I  8M,  117,430.00 

Debt  on  which  interest  haa  e«awi  i>in«  maiurity I  2.100,050.28 

Debt  beahns  nu  inlenst I  301.321.708.38 

Ancreeale  nl  inlcraxt  ami  non-lntenot  bcarinEdebt   '  1.2»l,5S0.14S.n4 

Cenifiralea  and  Treaaury  miien  off:<et  by  an  rqiuJ  auiounl  of  earh  in  Ihe  i 

Trcwiury I      «;S,iOO.BflB.OO 

AgpeKatB  of  debt,  including  ceHilinatw  and  Treaaury  notej.. i  2.2»a,aW,0ia,O4 


GOLD    BARS.    VAJ.HK    tlOO    TO    W.OM    EACH. 
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WORLD-S   PRiJDlCnOS 


■F    tMLD   AND    SILVEB    FOR    THE   CALKSl 

\KAR  iva. 


I  ni!*l  St.«^  . . 

i-*:o.«M 

tM.0OM0O 

u.s(w.Doa 

87l,7S7.fl00 

»».<1S.N 

«U»l.->IkU. 

J.HM74 

£1.378.800 

KJliiL'.  ,      . 

«I 

,  '•■n 

.■•;•" 

;i  11.11    ItUK'KS, 


Sin.D     TO    THE 
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0.24   '  12    2.92   :  I 


O.W      1     O.Tl  ] 


I'.w  in  '■ 

1.71   I  18    . 


HKIGHT  OF  BL'ILUIM 


Pwk  Row  BuUdioa,  Naw  York . . 
Amerion  Surety  mdg.,  N.  Y. . . 
St.  Puil  BuildiM,  Naw  York. . 

Mulullu  Life  BkU..  N.  Y 

BowIiBf  Uiecn  Blibt..  N.  Y 

PnlitKr  (World)  B%..  N.  Y. .  .  . 
Bnisd-KxchiiiiRe  Bh&..  N.  Y 
Will  St.  Exchsnn  BMc..  N.  >' .  . 
42  BroKlwmy  BL.Tg.,  New  York 
Whilelul]  Bldg..  New  Yurk 


Puthwn,  Itomc. 142 

Calhe.lrsj.  Ktonnce 139 

St.  Peler'n.  Itomc. 139 

Csr>it»l.  WnihinKlim,  1).  <'. .  .  135} 

St.  Sopbi*.  tViMlantiiiiHJe.  . .  US 
BallM  of  Cuwalli,  (Anrieol) 

H.inw 112 

St.  Faul-H,  Lundun 112 

TlNNKia  OF  THIO  WORL 


Simplcin.  Switurlsml 

Bt.  Golbiiid 

Psri*  UDdergniuiul   ( 

pletel 

M.nintC-«ni><.Swit»rl 


■ 

d'  t 

^ 

8TR1KINO    THE    JMl'JttMfllOJJ    (IN    A    f.tl\.\i    VWTV.    \T   "WW.  ^V 
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HEIGHT  OF  COLUMNS 
TOWERS. 

spires; 

ND 
Feet. 

'S 

i 
1 

231 

THE  WEIGHT  OF  BELLS 

FkHDd> 

W«hin«toD.D.C 

a 
5! 

ti 

i 

m 

■1 
1 

22 

St.  Peter's.  Rome. .  . . 

as'fc.-p^:::::;:;::::::: 

??! 

^itSS'rlTsiLyC?'- 

SS'sKSKw.,i^::::: 

Notre  Dune.  Pwis. 

1i«rleiitown.Mii™ 

l.esniM  Tower  of  Pioa. 
Aleikadsr  Column.  St. 

FTrth  ol  T«y,  Scotland. . . 

Forth,  ScoUud 

Eut  River,  New  York.. 
BiDoktyn.  New  York. . . 
Huhkttui,  Ne<r  York. . 
Blukinll's  Iilnnd.  New 
WuhinsEon  Bridge.  N< 
Hi«h  Bridge.  Ne>    "'    ' 


L   FEW  CELEBRATED  BRIDGES. 

I«nclh  ft.  Type.  Bpanniu. 
10.779          Girder.         Firth  o(  Tmy- 


VO.0OO   I.V    GOLD    BARS    A.T    -Xi 
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BALLOONS. 


rostation,  a  bag  or  hollow  pear- 
vessel,  made  of  varnished  silk 
r  light  material,  and  inflated 
me  gas  or  vapor  lighter  than 
as  hydrogen,  carbureted  hy- 
heated  air,  etc.,  so  as  to  rise 
at  in  the  atmosphere.  When 
ith  gas  it  is  called  by  way  of 
Ion  an  aib-balloon  (aerostat, 
r. ;  lufthall,  luft-schiff,  etc., 
when  with  heated  air  a  fire- 
«;  or  MoNTOOLFiEK  B.  (balloon 
to.,  Fr.). 

e  early  days  of  ai^rostation,  and 
for  some  years  afterwards,  bal- 
ere  inflated  with  hydrogen  gas, 
i  by  the  action  of  sulphuric 
i  water  on  iron  fllings  or  small 
its  of  iron  :  but  this  method  of 
hem  ultimately  gave  place  to 
Eiper  and  more  convenient  sup- 
>rded  by  the  gas-light  compa- 
)f  late  years,  the  coal-gas  fur- 
by  the  gas-works  has  been  gen- 
if  not  solely,  used  for  the  infla- 
bal  loons. 

principles  of  ballooning  may  be 
I  to  the  well-known  difference 
pecific  gravity  of  bodies,  and  to 
'slcal  properties  of  the  atmos- 
Pure  hydrogen,  weighed  at  the 
of  the  sea,  is  about  16  times 
than   common   air :    but   when 
d  on  the  large  scale,  and  con- 
water  and  other  impurities,  it 
from  7  to  11  times  lighter  than 
QOBphere.      A   globe   of  atmos- 
air  1  foot   in  diameter,   under 
cnmstances,  weighs  1-2.')  lb.;  a 
globe  of  hydrogen    (reckoning 
at  G  times  lighter  than  common 
r\\h   therefore,   have  an    asccn- 
force    of    1-30    lb.      Now    the 
of  the  body  of  air  which  a  bal- 
splaces  must  exceed   the  gross 
of  the  balloon  and  all  its  ap- 
>8,   in   order   for   the   latter   to 
in   the  atmosphere.     The  dif- 
of  the  two  weights  expresses 
ensional  force.     The  aerostatic 
of  balloons   is   proportional   to 
imensions,  in  the  ratio  of  the 
f  their  diameters.    Thus,  it  aiv 
hat  a  balloon  of  (»0  feet  diame- 
id  with  common  hydrogen  will 
with  a  weight  of  nearly  7.<MK) 
aides  the  gas  case :   whilst  one 
f    1%    feet    in    diameter    will 
float,  owing  to  the  less  propor- 
volume  of  gas  to  tlio  weight  of 
e  containing  it.     In  round  num- 
e  buoyancy  of  a  balloon  may  be 


reckoned  as  equal  to  1  oz.  for  every 
cubic  foot  of  hydrogen  it  contains,  less 
the  weight  of  the  case  and  appen- 
dages. The  carbureted  hydrogen  sup- 
plied by  the  gas-works  is  much  heavier 
than  hydrogen  gas,  and  consequently 
much  less  buoyant,  for  which  due  al- 
lowance must  be  made.  That  which 
possesses  the  least  illuminating  power 
is  the  lightest,  and  consequently  the 
best  adapted  for  aerostation. 

The  fabric  of  which  the  cases  of 
air-balloons  are  made  is  strong  thin 
silk,  covered  with  an  elastic  varnish 
of  drying  oil  or  india-rubber,  or,  what 
is  better,  a  solution  of  india-rubber  in 
either  chloroform  or  bisulphide  of  car- 
bon :  the  netting  is  of  strong  light  silk 
or  flaxen  cord :  and  the  car,  of  basket- 
work.  Fire-balloons,  on  the  small 
scale,  are  generally  made  of  silver 
paper,  and  are  inflated  with  the  fumes 
of  burning  alcohol  by  means  of 
a  sponge  dipped  in  that  liquid,  and 
suspended  just  within  the  mouth  of  the 
ni)paratu8. 

The  following  table  will  prove  use- 
ful to  the  amateur  aeronaut  or  bal- 
loonist : 

TABLE    SHOWING     THE     RELATIONS 
BETWEEN    THE    DIAMETERS, 
SURFACES.  AND  CAPACI- 
TIES OF  SPHERES. 


Diametent. 

Surfaces. 

Cubical  content 

1 

3.141 

523 

2 

12.667 

4.188 

3 

28.274 

14.137 

4 

50  265 

33.51 

5 

78.54 

65  45 

10 

314  159 

523.6 

15 

706.9 

1767.1 

20 

1256.6 

4189 

25 

1963.5 

8181 

30 

2827 

14137 

40 

5026 

33510 

Owing  to  the  increasing  rarity  of 
the  atmosphere  as  we  ascend  from  the 
earth's  surface.  l)al]oon  cases  are  made 
very  much  larger  than  is  required  to 
contain  the  necessary  quantity  of  gas. 
to  allow  for  its  expansion  as  it  rises 
into  a  rarer  medium.  A  cubical  foot  of 
ens  measured  at  the  level  of  the  sea, 
occupies  H  space  of  two  feet  at  an  ele- 
vation of  HK  miles.— <^ooley*8  Cyclo- 
pedia. 
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AKKIAL   NAVIGATION. 


No  motiv<?  |>ower  macbine  suffi- 
detitly  lifht  RDi)  powerful  to  lift  itself 
from  th?  ground  and  inaintaia  itwif  in 
tbe  air  for  any  ronaidrrable  time  has 
yet  heea  invented.  Aerial  navigation 
is  therefore  at  present  limited  to  the 
nse  of  balioooB  Blled  with  iixht  Kaa  or 
hot  air.  Common  coal  ^aa  ia  round  to 
be  the  cheapest  and  moat  generally 
available  gaa  tor  ballooning.  1,000 
enbio  feet  of  coal  gen  will  lift  35 
IMunds  weight.  But  hydrogen  ia  the 
liest  RAH  for  the  purpose.  1.000  cubic 
feet  of  hydrogen  gtta  will  lift  from  GO 
to  TO  pounds.  It  ia  tbe  lighleBt  of  all 
BUbstanres.  It  in  Rfleen  timea  linhler 
tban   kir,    and   over   eleven    thousand 


times  lighter  than  water.  One  ol  tbe 
cheapest  ways  to  make  hTdroaen  (or 
bFlloona  is  to  dissolve  sine  in  aulidmnc 
add :  tbe  latter  ia  compoaed  of  wl- 
phur  and  hydrogen.  Wben  tbe  ■  " 
is  poured  on  tine  tbe  sulphur  unites 
with  the  metal  and  sets  free  the  hy- 
drogen, which  bubbles  up.  and  ia  roo- 
dueted  in  a  pipe  to  the  balloon.  Vari- 
ous efforts  to  propel  and  steer  balkKns 
have  been  made,  by  meana  of  pro- 
pellers turned  by  hand :  also  by  the 
use  of  the  eleetrteal  storage  battery. 
Balloons  are  generally  made  of  coiIod 
doth  or  ailk,  vami^ied  with  limerd 
oil,  and  disHOlved  rubber  i 
miied  with  the  oil. 


now  IX)  HAiixEss 


^hiin-N   llie 

lianiKss  pln<i-'l  mi  ii  liorae 

hir  HO  that  the  wide  'part  will  be  u[>- 

with    Ihe 

biK-kicM   iinfiiHleni'd   and    nii 

Knglish    . 

illar.      niiM    llrKi    enei-nvlng 

liead.  HlippinK  it  over  the  ears,  then  at 

Hhon-N  llie 

harness  fiisfneil  lo  the  shnfl 

tlie  narrt™-    imrt  of   the   horse's  ne.-i 

iind  n  nm 

■1.  .-..liar  i.i  |.lii.',.  .,f  tlu^Kne- 

turn  llio  iMllnr  iii-oiind  so  that  the  nsi- 

lish  c'nlf;.r 

ir  ]|   Diii.'li  .nllni'  is  1IS.4I. 

iviH-   ii.-irl    will  lie  upiwrroost   and  slip 

Klil>    ilii^ 

iv.'!'    tl).'    1inrsi>-s    1 1.    Mii'ii 

ii    Uu-V    .iH    10    the    horae'a    sboolden. 
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If  the  hamn  are  too  tight  to  allow  the 
collar  to  ilip  over  tbe  ears,  unfaBteu 
the  haorn,  and  after  the  collar  is  on, 
buckle  them  onoe  more  io  front.  Next, 
pat  OQ  the  BBddle  and  breeching,  slip- 
pi  ng  the  cropper  over  the  horse's 
tail  by  doubling  the  hair  of  the  tail 
with  the  right  hand  and  slipping  the 
crupper  over  the  bunch  thus  formed, 
draving     out     the     hair     completely 


ipper. 


1   the    in- 


net'  belly  band,  first  passing  it  tbroug^i 
the  loop  of  the  collar  strap  No.  15  or 
the  uartlugale.  and  then  pushing  the 
■addle  forward  as  far  as  the  crupper 
will  allow  it  to  go. 

The  time  has  now  arrived  to  bridle 
the  horse.  Tbe  halter  being  removed, 
the  home's  head  ia  taken  by  the  fore- 
lock   with    three   fingers   of   the   right 


haDd,  leaving  tbe  forefinger  and  thumb 
free,  and  holding  the  bridle  in  the  left 
hand.  Pnaa  the  liead  piece  of  the 
bridle  to  Che  thumb  and  forefinger  ot 
the  right  hnnd  anil  slip  the  bit  Into  the 
horse's  mouth  with  the  left  hand, 
which  is  then  raiaed  to  assist  the  right 
hand  in  pulling  the  bead  piece  back 
over  tiie  horse's  ears.  Should  there  Ije 
any  difficulty  in  making  the  horse  ojien 
his  mouth,  the  bit  should  l>e  held  to  his 
teelh  while  dangling  from  the  right 
hand,  and  then  with  the  thumb  and 
BK'ond  finger  of  the  left  hand  press 
the  giima  of  the  horse's  mouth  at  the 
junction  of  the  lips  gently  agaiost  the 
teeth.  This  will  quickly  force  any 
horse  to  o|ien  his  month.  When  the 
bit  is  in  place,  the  throat  strap  is 
buckled.      If  a  curb   bit   is   used,   the 


1,  ir  tbabrowbiuut;  2,  nose  band :  3.  bliiKlcrr 
7,bit;  SudQ.  rainx;  10.  hamf  rnxlenFt^  "      '      ' 
coll&r  Btr«H;   ]ft,  marlipaKLe ;   IT  and  IK,  i 
21,  part  of  inner  bdlybsiul;   22.  sliaft  !•>. 
UrrraU:    IS.  cninper  ■Imp ;    27.  breerhina 
31.  sod  U,  hold-buk  itniu. 


beL-umeB  dai,  Hod  [ben  booked,  pass- 
iiiE  under  tbe  jaw  of  tbe  horse  to  the 
curb  chain  hook  in  the  opposite  aide 


of  the  bit.  Tbe  rt'ius  Hre  now  Im.  ..  _ 
ia  tbe  aluis  at  Ibe  cuili  ucil  (kIuh  Uir 
bit  ring.  Lift  up  the  sbafta  abora  tbe 
borae'a  back,  then  draw  up  the  cu- 
rlBge,  slipping  the  ends  of  tbe  ihafti 
through  the  uiaft  tugs  on  the  ilde«  of 


.  .._.  then  run 
thro  ugh  the  loop  at  the  side  of  the 
shafts  and  secured  to  tbe  trace  books 
on  each  side  of  tbe  wbifflettce.  After 
the  traces  are  taut,  fasten  tbe  breech- 
ing or  bold-back  strapa. 


PASSPORTS. 


Pasaports  are  granted  and  issued  ti;  I 
tbe  Secretary  of  State  and  by  diplo- 
matii;    represen  tat  ires   of    tbe    I'nited 
States   and    foreign    countries,    or   b; 
United    States   Conauts.      The    fee   is  I 


$1,  and  the  necessary  blank  and  full 
information   as   lo   the   procedure  re- 

Suired  will  be  sent  on  request.  Ad- 
ress  tbe  Secretary  of  State,  Wasb- 
iagton.  D.  C. 


ACCIDENTS  IN  FACTORIES. 

He  Annua]  Report  of  the  Bureau  [  eating  figures.  In  April.  May,  June, 
of  Labor  Statistics  of  the  Slate  of  189)1,  the  figures  (New  York  Statel 
New  Vork  for  lt*OU  gives  some  inter-   |  are  as  follows : 


ACCIDENTS  IN 

APRIL. 

MAY,  JUNE,  1899. 

FiBHS  RtPOBTlNO. 

fcit-bUsb 

iHJCBIU. 

INDVSTRIES. 

EtitBtiUfli- 

^«S, 

•ISF 

Employ- 
in  tiis 
period- 

Proper-   iPerMin'iii 
tionate        iartth 

one  year,  employed 

Slone  and  clay  products 

M«al«.  machlnety.  eppftrslU! 

1 

1 

87 
SS 
135 

3.| 

i 

es 

276 
244 

U\' 

I^alher,  rubber,  pearl,  e\e.  , 
Chemical..  uiKBiplosivea... 

S  J;i 

rj. 

514 

4s:boo 

Clot  bin*,  millinery,  tauti.ler- 

F<iwT,  lobiwco,  liquors. 

Wi 

15.61 

Budding  inilu^iry 

0,313                25  1             61 

26» 

4  931 

452  425 

691 

1347 

7J»8 
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iU8E  OR  AGENT  OF  ACCIDENTS  IN 
NEW  YORK. 

Maehinery. 

isines,  power  transminion*  belts,  etc . .  46 

ftinc  apparatus 50 

rcular  naws. 102 

cnweo  and  stamping  machines 135 

:her  machines  and  machine  tools 319 


Total— Machinery 652 

and  tools  (saws,  axes,  etc.) 110 

cplo:»ives  of  all  kinds. 26 

ot  liquids,  steam,  acids,  etc 115 

dl  of  objects,  collapse  of  structures,  etc.  374 

ill  of  the  person 197 

>adinK.  unloading,  etc.,  by  hand 54 

chicles  and  animals 71 

1  other 193 


Grand  Total 1,792 

luse  not  reported 55 


PERIOD  OF  DISABILITY. 


Not  over  one  week : 
iss  than  one  day. . . 

le  day 

x>m  2  to  7  days. .  . . 


45 

85 

492 


From  one  week  to  one  month: 

ver  1  to  2  weeks 

ver  2  to  3  weeks 

irer  3  to  4  weeks 

wr  1  month  to  2  months 

ver  2  months  (but  less  than  3 
months) 


292 

169 

95 


622 


556 
128 

42 


Total 1.348 

Total  days  lost 19,980 

Average  days  lost  per  capita  .  .  15 

ill  disabled  at  time  of  report 

(June  30) 27 

D  time  lost  (i.e.  less  than  one 

hour) 161 

me  lost  not  reported 282 

ital  accidents 29 


Total 


1,847 


NATURE  OF  INJURIES. 

Fatal ^ 

Non-fatal: 

Internal. 29 

Loss  of  eye 8 

Head  and  face,  except  the  eye 191 

Loss  of  limb 3 

Arms  and  hands 336 

Fingers. 638 

Legs  and  feet 381 

Other  parts  of  the  body  or  several 

parts  at  once 197 

Not  reported 35 

Total 1,847 


FATAL  ACXHDENTS  IN  VARIOUS 
OCCUPATIONS. 


Railroad  brakemen. .  .  . 
Gloucester  fishermen . . . 
Gunpowder  manufacture 
Railroad  switchmen  and 

flagmen 

Railroad  firemen 

Railroad  engineers 

Dynamite  manufacturers 
Railroad  conductors  . . . 
Anthracite  coal  miners 
Bituminous  mine  labor- 


ers. 


Anthracite  mine  labor- 


ers. 


Lead  and  zinc  miners  of 
Missouri 

Metal  miners  of  Colorado 

Copper  miners  of  Mon- 
tana.   

Anthracite  fire-bosses.   . 

Paid  firemen  in  cities. .  . 

Bituminous  coal  miners. 


Period. 

1900-02 
1892-00 
-00 

1900-02 
1900-02 
1900-02 

-00 

1900-02 
1892-01 

1892-01 

1892-01 

1892-01 
1896-01 

1891-00 
1892-01 
1885-00 
1892-01 


Rate 
per  1,000 

15.8 
13.2 
10.5 

7.2 
7.2 
6.8 
6.7 
6.1 
5.6 

4.7 

4.6 


It  is  shown  by  this  table  that  railroad  bi 

men   have  the  highest  fatal  accident-  fit 

being  respectively  15.8  peri.' 1,000.— JSn{fif.,^. 

ina  and  Mining  Journal,     '  '      •'''''' 

.1  .('.I      T/>'l 
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ANNUAL  FIRE  LOSSES  IN  THE  UNITED  STATES  FOR.FOl^lfcN  YEAR&^'^ 


1890-1903— CHRONICLE  FIRE 


TABLES. 


(SI- 


I 


(MVI 

r 


Years. 


90. 
91. 
92. 
93. 
94. 
95. 
.96. 


Aggr^ate 

Property 

Loss. 


Aggregate 

Insurance 

Loss. 


Years. 


-rff- 


''<''Aggreg49e  "t 
« •-'"  FroperlJ^"  •»' 
<«."| .  TLo8s*>T   LI 


$108,993,792 
143,764,967 
151,516,098 
167.544,370 
140,006,484 
142,110,233 
118,737,420 


$65,015,465 
90,576,918 
93.511.936 

105,994,577 
89,574,699 
84.689.030 
73,903,800 


■jir 


1897.  . 

1898.  rt 
1899.,^ 

1900.*. 

190iii>4i  .1,1  ti 
19021  i/ LI  :■,!;! 
16l9d«j  .oj-iijjj 


>i-) 


r.»rl 


*"-lS3.597i^;| 


^^  ^100,929 
IT  M&69'v8i:7,ffl0  r 
i[>nl61A)78i040i 


■  •a45v30(2456i.i'! 


.•  ••II). ill.  I 

i.-j'i-'V/    In    ~ 


Aggregate!' I;'' I 

Insurance'*-''' 

Ix)ss.      '  >' 

.   .   .   .  H/-! 


$66.722-,14iMl;' 


73,796,080,,,  , 
92.683.71f , .  ! 
95.403.650 
ilD0.798,«tt 

i»'«4,4$ei2»i  i'- 
liitj;  y  lir.li    :  .'>)m 

<-M     ,')•?■(.-      . -ti   -nuil  ■(!»)•»     ..'TiiUJ'il 

!!jI-  irp     /iii:nt    l-iHi    ,'nV-UlM'i 


otal  property  loss  in  the  United  States  in  14  yeki^.^ ';;.;;.  V.  ..'?.'.''.  .V:'l.,.'jV;  $*.37LiW2^d^^ 
otal  insurance  loss  m  the  United  States  in  14  ^\etofj. , .  ^^,;  ,  - ,  v.ti'^'- '  ir.'  •.^.r!^•^'l•1•?9§t(w[/W, 
otal  property  loss,  United  States  and  Canada,  .^^^.U^RQ?M'^*^t♦*^.«»^»^^W^^  .JW»i(*iWwr 


■  iiVniii 
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WHAT  TO  DO  IN  CASE  OF  FIRE. 


BY    CHIEF    EDWARD    F.    CROKER   OF 

In  case  of  fire  immediately  send 
alarm  from  the  nearest  alarm  box ; 
wait  at  alarm  box  until  the  arrival 
of  the  firemen  so  as  to  notify  them  as 
to  the  location  of  the  fire.  Occupants 
of  premises  should  endeavor  to  ex- 
tinguish fire,  if  possible,  previous  to 
the  arrival  of  the  firemen,  but  do  not 
delay  an  instant  in  sending  in  alarm. 
Keep  cellars  and  closets  under  stair- 
ways entirely  free  from  rubbish.     Al- 


THE  NEW   YORK   WRE   DEPABTMENT. 

ways  endeavor  to  keep  perfectly  cool 
until  the  arrival  of  the  Department: 
do  not  jump,  as  the  firemen  will  save 
you,  and  are  very  prompt  in  reaching 
the  scene  of  a  fire  once  the  alarm  is 
turned  in.  Keep  small  chemical  firp 
extinguishers  on  each  floor  in  all  build- 
ings. In  case  of  fire,  endeavor  to  keep 
all  doors  shut,  thereby  avoidini; 
draughts  and  preventing  the  rapid  ex- 
tending of  fire. 


THE  COST  OF  LIVING. 


July  1. 


1860  .. 

1861  .  . 

1862  .  . 
1863.. 
1864.. 
1865.. 

1866  .  . 

1867  .  . 
1868.  . 

1869  .  . 

1870  .  . 

1871  , 

1872  .  . 

1873  .  . 

1874  .  . 

1875  .  . 

1876  .  . 

1877  .  . 

1878  .  . 

1879  .  . 

1880  . 
18.SI  .  . 
1882  . 
1883.  . 

1884  .  . 

1885  .  . 
1880  .  . 
1887  .  . 
ISSS. 
18S9  .  . 
1890  .  . 

1591  . 

1592  .  . 
H93  .  . 
1H94  .  . 
1895  .  . 
lS9«i .  . 
ISO?  .  . 
1S9.S  .  . 
1899  .  . 
1900.  . 

1901  .  . 

1902  .  . 

1903  .  . 

not. . 


Bread- 

HtufTs. 

20.530 
15.749 
18.057 
26.154 
45.616 
25.404 
31.471 
36.537 
38.416 
29.116 
25.322 
24.809 
22.171 
20.400 
25.057 
24.848 
18.777 
21.812 
15.672 
17.a54 
17.461 
20.369 
25.494 
19.018 
17.871 
16.370 
15.311 
15.156 
10.9S4 
14.351 
14..S«i7 
19.782 
17.42r. 
14.91)3 
15.115 
14.7<>5 
10.504 
10.587 
12.783 
13.483 
14.898 
904 
534 
473 
244 


Meats. 


8.973 
7.485 
7.150 
10.115 
15.685 
16.112 
17.153 
14.278 
13.210 
13.181 
14.161 
12.177 
11.055 
10.114 
1 1 . 5(K) 
,287 
,726 
036 
,181 
239 
230 


13. 
10. 
10. 

8. 

8. 

9. 
11.381 


14 
20 
17 
is 


740 
210 

172 
205 
900 
667 
416 
244 
03() 
217 
700 
135 
3S9 
022 
058 
529 
«)94 
9S8 
90(> 
430 
1 1 . 62S 
9 .  269 
9.033 


13 
11 
11 
9, 

8, 
8. 
9, 
8, 
S, 
9, 
S. 
10. 
9 
8. 


8 
9 


Dairy 

and 
Garden. 

12.662 
10.813 
13.406 
13.530 
26.053 
18.049 
23.472 
18.418 
23.614 
18.121 
16.112 
20.799 
16.019 
15.629 
19.142 
14.918 
15.912 
11.790 
10.  (KW 
10.253 
12.594 
11.311 
14.685 
12.2.50 
11.369 
10.872 
10.241 
11.188 
11.849 
9.695 
10.711 
12  455 
10.403 
11.710 
10.394 
9.874 
7 .  S72 
8.714 
9 .  437 
10.974 
10.901 
1 1 . 030 
12.557 
13.0S3 
lO.fUS 


Other 
Food. 


Clothing.    Metals. 


8.894 
7.653 
10.987 
16.359 
27.303 
21.057 
20.821 
20.167 
19.720 
16.347 

13.823 

14.845 

13.625 

13.678 

14.418 

12.914 

13.321 

1 1 . 346 

9.884 

1 1 .  539 

11.6r>3 

11.627 

10.726 

9.323 

8.712 

8.570 

9.252 

9.917 

10.912 

9.749 

9.339 

8.733 

9.188 

8.478 

8.689 

8.529 

7.887 

8.826 

9.157 

9.482 

9 .  086 

8.74S 

9.186 

10.406 


22.439 

21.147 

28.413 

45.679 

73.485 

49.307 

45.377 

38.169 

35.694 

35.309 

31.480 

30.624 

32.427 

29.411 

27.260 

25.318 

21 . 747 

21.850 

19.836 

20.420 

21 . 984 

20.982 

21.202 

20.209 

19.014 

17.740 

18.063 

18.174 

17.447 

17.107 

17.264 

16.501 

15.648 

15.871 

13.860 

15.315 

13.602 

13.808 

14.663 

15.021 

16.324 

15.098 

15.533 

17.136 

16.514 


25.851 

22.500 

23.207 

37.079 

59.102 

38.956 

41.762 

35.426 

27.385 

28.355 

26.612 

27 .  371 

32.643 

32.298 

25.254 

23.515 

20.452 

15.578 

15.789 

15.149 

18.708 

19.295 

19.832 

18.071 

16.272 

14.132 

14.466 

16.035 

15.366 

14.V82 

15.506 

15.107 

14.827 

14.030 

12.015 

11.021 

13.232 

11.642 

11.843 

15.635 

14.834 

15.344 

16.084 

16.544 

15.428 


Miscella- 
neous. 

15.842 
16.573 
17.290 
24.264 
31.553 
25.551 
27.922 
25.529 
24.786 
24.201 
21.786 


21 
21 
21 


907 
.310 

552 
19.582 
18.398 
15.951 
15.160 
14.836 
16.286 
17.139 
16.900 
16.650 
15.764 
14.685 
13.666 
13.669 
15.153 
14.155 
14.600 
15.416 
13.691 
14.252 
14.716 
14.041 
13.233 
13.520 
12.288 
12.522 
12.969 
16.070 
16.617 
16.826 
16.765 
16.919 


TotaL 


115.191 

101.920 

118.510 

173.180 

278.987 

194.436 

207.978 

188.524 

182.825 

164.630 

148.781 

151.510 

150.479 

143.089 

143.133 

134.702 

116.479 

109.547 

96.268 

97.285 

108.655 

111.901 

123  230 

107.248 

99.706 

90.697 

89.226 

93.624 

95.134 

89.691 

91.549 

96.092 

90.105 

90.613 

83.292 

81.519 

74.317 

72.455 

77.768 

85.227 

91.415 

91.509 

101.910 

99.456 

97.192 


NoTK. — HroadstufTs  inrliido  many  quotation:*  of  wheat,  com,  oats,  rye,  and  barley,  be- 
sides beans  and  peas:  meats  include  live  ho(?s.  beef,  sheep,  and  many  provi.«ions,  lard,  tallow, 
etc.;  jjairy  and  Karden  prodticts  include  eKRs.  veRctables  ami  fruits;  other  foods  include  fish, 
liquf)rs.  condiments,  .-UKar,  rice,  tobacco,  etc.;  cW»thin(t.  include."  the  raw  material  of  each 
industry,  and  many  quotations  of  w(K)len,  cotton  and  other  textile  goods,  as  well  as  hides, 
leather,  brwits  and  «hoes;  metals  inchide  v.iriovis  quotations  of  pig  iron,  and  partially  mana- 
facttired  and  finished  products,  a-*  well  as  minor  mctal<.  coal,  and  petroleum.  The  mis- 
cellane<nis  class  embraces  many  Rradc'^  of  hard  and  soft  himber,  lath,  brick,  lime,  glasa,  turpen- 
tine, hemp,  lin.see<l-oil,  paint*.,  fertilize^^*.  and  drug-*. — Ihttt'a  Ret^eu\ 
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Key  of  C. 
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Key  of  A. 


Key  of  G. 
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Key  of  1). 


Key  of  F.       Key  of  B  Flat. 


RELIGIONS  OF  THE  WORLD. 

Roman  Catholics 216,000.000 

Pioteatanta    137,000,000 

Greek,     Armenian      and 

Abyssinian  Churches. .      95,000.000 


Total  of  Christians 


448,000,000 


Buddhists  and   Brahmins  672,000.000 

Mohammedans 200,000,000 

Jews 7,000,000 

Other  creeds 125,000,000 

Total  non-Christians     l,OOi,OO0,000 


THE    CHRISTIAN    ADVOCATE'S    TABLE    OF    DENOMINATIONa 


Denominations. 


Adventists  (6  bodies) 

Baptists  ( 13  bodies) 

Brethren  (River)  (3  bodies) 

Brethren  (Plymouth)  (4  Iwdies).  .  .  . 

Catholics  (8  bodies) 

Catholic  Apostolic 

Chinese  Temples 

Christadelphians 

Christian  Connection 

Christian  Catholics  (I)owie) 

Christian  Missionary  Association. .  .  . 

Christian  Scientists 

Church  of  God  ( Winebrennarian).  .  . 

('hurch  of  the  New  Jerusalem 

Communistic  Societies  (6  bodies).  .  . 

ConRregationalists 

Disciples  of  Christ 

Dunkards  (4  bodies) 

KvunKclicnl  (2  bodies) 

Friends  (4  bo<lic8) 

Friends  of  the  Temnle 

(Jennan  Kvaneolicul  Protc-laiit.  .  .  . 

(lernmn  Evanpolicnl  Syno*! 

Jcv>>  (2  bo(lio.-) 

I.attor-Dav  Saint-!  ^2  Vxxlies) 

Lutherans  (22  bodies") 

S\vcili«li  Kvanct'lical  Mi^s.  Covenant. 

MetMumifps  ("12  bodies) 

Methodists  C 17  bodies) 

Moravians 

Prcsbytorians  ( 12  bo«lies) 

Protestant  Eoiscopal  (2  bo<lios).  .  .  . 

Heforinc*!  <'3  bodies) 

Salvation  Army 

Srhwenkfeldians 

Social  BrethroTj 

Society  for  Ethical  Culture 

S»»iritualists 

Theosoohicnl  Society 

United  Brethren  (2  bo«lics) 

I'nitarians 

Tniversalist^ 

Independent  Consrregations 


('.rand  total  in  1^03. 
Clran.l  t<.tal  in  HK)2. 


Summary  for  1003.  . 


Ministers. 


1.556 

35.829 

151 

i  3,422 
95 


1.348 

104 

10 

1,118 
460 
143 

"6.213 

6.567 

3^1 

1,415 

1.354 

4 

100 

945 

301 

1.525 

7.343 

291 

1.138 

39.634 

127 

12,393 

5,150 

1.919 

2.361 

3 

17 


2.368 

540 

734 

54 

140,%3 
147.732 


Churehes. 


2.377 

51,492 

108 

314 

11,185 

10 

47 

63 

1.340 

110 

13 

559 

580 

144 

22 

5,891 

11,157 

1,171 

2,642 

1,093 

4 

155 

1,213 

570 

1,324 

12,275 

307 

673 

57,572 

115 

15.452 

6,867 

2,491 

696 

4 

20 

4 

334 

70 

4,861 

452 

786 

156 

196,719 
194,072 


ComnnBi- 
eanta. 


89.476 

4.725,775 

3,005 

6.661 

9,891.869 

1.491 

'     ijrn 

101,597 

40,000 

754 

60.283 

38.000 

7,960 

3.084 

650.701 

1.215.713 

115,194 

102,996 

116,555 

340 

20  000 

209,791 

143.000 

342.072 

1,715,910 

33,400 

59,893 

6.192.494 

16,095 

1.661.522 

782,543 

390,578 

25,000 

306 

911 

1,500 

45,030 

1.900 

280.114 

71.000 

53,538 

14.126 

20,323.158 
28.840.000 


PART  n. 


CHAPTER    I. 


OEOMETBICAIi    CONSTRUCTIONS. 


GEOMETRICAL    FIGURES. 


k.ctrn5  Angle. — An  acute  amde  is  leas 
%  right  angle,  or  len  than  90  degreeR. 
ii/TERNATE  ANOixa. — The  internal  an- 
lade  by  two  lines  with  a  third,  on  oppo- 
dea  of  it.  If  the  two  lines  are  parallel. 
Iteniate  anj^^s  are  equaL  If  the  par- 
AB,  CD,  be  cut  by  the  line  EF,  the 
»  AOH,  GUD,  as  also  the  angles  BGH 
HCf  are  called  alternate  angles. 
Vbc. — Any  part  of  the  circumf««nce  of 
b  <»*  other  curve;  si  segment  of  a  circle. 
.6,  and  7.  Conic  Sections. — Formed  by 
itersections  of  cones  and  planes.     The 

aeciions  are  the  ellipse,  parabola,  and 
bola.  If  the  section  be  taken  parallel  to 
ase  of  the  cone  its  outline  will  form  a 
;t  circle.  If  the  section  be  taken  parallel 
s  side  of  the  cone  it  will  in  outline  have 
*rm  of  a  parabola  (6).  If  the  section  be 
parallel  to  the  axis  of  the  cone  its  outline 
ave  the  form  of  a  hyperb<^a  (7).  Any 
section  throuii^  the  cone  will  in  outline 
the  form  of  an  cdliwe  (5). 
)noRD. — A  ri^t  line  marking  the  ex- 
bies  of  the  arc  of  a  circle. 
ihvcLE. — 1.  In  geometry,  a  plane  figure, 
rtehmided  by  a  sm^e  curve  line,  called  \t» 
nference,  every  part  of  which  i»  equally 
it  from  a  point  called  the  center.  Of 
i  all  lines  drawn  from  the  center  to  the 
aference,  or  periphery,  are  equal  to  each 
2.  In  popular  use,  the  line  that  com- 
ads  the  figure,  the  plane  or  jiurface  com- 
nded.  and  the  whole  body  or  solid  matter 
ound  substance,  are  denominated  a  cir- 
k  ring:  an  orb;  the  earth. 
Curve. — A  curve  line  is  one  which  may 
',  by  a  right  line  in  more  points  than  one. 
ve  line  is  that  which  is  neither  a  straight 
or  composed  of  straight  lines. 
Cube. — A  regular,  solid  body  with  i*ix 
square  sides. 

Ctlinder. — A  solid  body  supposed  to 
nerated  by  the  rotation  of  a  parallelo- 
round  one  of  its  sides ;  or  a  long,  circular 

of  imiform  diameter,  and  its  extremi- 
irming  equal  pu^lel  circles. 
Diagonal.. — The  .line  extending  from 
.nCJe  to  another  of  a  quadrilateral   or 
lateral  figure,  and  dividing  it  into  two 

Diagram. — A  figure,  draught,  or 
!•  delineated  for  tne  purpo^^e  of  demon- 
ig  the  prov>erties  of  any  figure,  as  a 
»,  triaagSf  circle,  etc. 
DrAmras. — ^A  right  line  pa.<«sinK  through 
otcr  of  A  eirele,  or  other  curvilinear  fig- 


/ 


ure.  terminated  by  tlM^ur\*e,  and  dividing 
the  figure  i»>'mmetricalfy  into  two  equal  parts. 
16.  EixiPSE. — In  conic  sections,  a  figure 
formed  by  the  intersection  of  a  plane  and  cone 
when  the  plane  psj^ses  obliquely  through  the 
opposite  sides  of  the  cone. 

17.    Ek)T-IL.ATERAL     TrI ANGLE. — A     triaU^C 

having  all  three  sides  equal. 

18.  Hexagon. — A  plane  figure  of  six  sides 
and  six  angles.  If  tne  sides  and  angles  are 
equal,  it  Is  a  regular  hexagon.  The  cells  of 
honey-comb  are  hexa«:oni(,  and  it  is  remark- 
able that  bee*  inHtincti\*eIy  form  their  celbf  of 
this  figure,  which  fills  any  given  space  without 
any  intenttice  or  loss  of  rrjom. 

19.  Hthothent'sk. — The  subtense  or  longe*^t 
side  of  a  right-angled  triangle,  or  the  line  that 
subtends  the  right  angle. 

20.  Hectangclak  Triangle. — If  one  of 
the  an^es  of  a  triangle  Ik  a  right  angle,  the 
triangle  is  rectangular. 

21.  Right  Angle. — A  right  angle  is  one 
formed  by  a  right  line  falling  on  another  per- 
f>endicularly,  or  an  angle  of  90  degrees,  mak- 
ing the  quarter  of  a  circle. 

22.  l808rEi.ES  Triangle. — If  two  of  the 
sides  only  are  equal  in  a  triangle  it  is  an  isos- 
celes or  equicrural  triangle. 

23.  OBLiQtE  Line. — An  oblique  line  is  one 
that,  falling  on  another,  makes  oblique  angles 
with  it. 

24.  Obtise  .\ngle. — .\n  angle  greater  than 
a  right  angle,  or  containing  more  than  90 
degrees. 

25.  Scalene  Triangle. — One  in  which  all 
the  three  Hides  are  unequal. 

26.  Secant. — The  i*ecant  of  a  circle  is  a  line 
drawn  from  the  circumference  on  one  i«idc  to  a 
I)oint  without. the  circumference  on  the  other. 

27.  Oval. — A  Ixxly  or  figure  in  the  shape  of 
an  egg,  or  of  an  ellipse. 

28.  Parallelogham.  —  1.  In  ge<nnetry.  a 
right-line<l  quadrilateral  figure,  who-e  oppo- 
site sides  are  parallel,  and  conseq^uently  equal. 
2.  In  common  use.  this  wor«l  is  applie<l  to 
quadrilateral  figures  of  more  length  than 
breadth. 

29.  Sector.  —  A  part  <A  a  circle  compre- 
hended between  two  radii  and  the  include<l 
arc:  or  a  mixe«l  triangle.  forme<l  by  two  radii 
and  the  are  t>{  a  circle. 

30.  PARALLEix>PiPEn. — .\  regular  solid  com- 
prehended under  si.x  paralleloKrani."«.  the  op- 
posite ones  of  which  are  similar,  parallel,  and 
equal  to  each  other;  or  it  is  a  prism  wluMie 
base  is  a  parallelognim.  It  is  alwa>*s  triple  to 
a  pyramid  of  the  .same  base  and  height.     Or  a 
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parallelopiiMHi  is  a  8oli<l  figure  bounded  by  six 
races,  ivarallel  to  each  other,  two  and  two. 

31.  Parallkl  Lines. — One  line  is  parallel 
to  another,  when  the  lines  are  at  an  equal  dis- 
tance apart  throughout  the  whole  length. 

32.  Sequent  op  a  Circle. — That  part  of 
the  circle  contained  between  a  chord  and  an 
arc  of  that  circle,  or  so  much  of  the  circle  as 
is  cut  off  by  the  chord.  The  segment  of  a 
sphere  is  a  part  cut  off  by  a  plane. 

33.  Pentagon. — A  plane  figiire  having  five 
anglee,  and  consequently  five  fides. 

34.  PERPBNDicrLAK. —  In  geometry,  a  line 
falling  at  right  angles  on  another  line,  or  mak- 
ing equal  angles  with  it  on  each  side.  Thus 
if  the  straight  line  AD,  falling  on  the  straight 
line  BC,  make  the  angles  BAD,  D.4C  equal  to 
one  another,  AD  is  called  a  perpendicular  to 
BC. 

35.  Q^'ADRANGLE. — A  plane  figure  having 
four  angles,  and  consequently  four  sides. 

36.  Recta nc;l,f., — A  four-sided  figure  hav- 
ing only  right  angles.  A  right-angled  paral- 
lelogram. 

37.  Qt'adrant. — The  quarter  of  a  circle  or 
of  the  circumference  of  a  circle. 

38.  Qi'Ai>RiLATRRAU — Having  four  sides, 
and  consequently  four  angles. 

39.  Tangent. — In  the  figure,  let  AH  he  a 
straight  line  drawn  touching  the  circle  ADE 
at  A,  one  extremity  of  the  arc  AB.  and  meet- 
ing the  diameter  I B  produced,  which  pa.'».ses 
through  the  other  extremity  ^  to  the  i)omt  H ; 
then  AH  is*  the  tangent  of  the  arc  AB,  or  of 
the  angle  ACB,  of  which  AB  in  the  measure. 

40.  Uadius. — A  right  line  drawn  or  extend- 
ing from  the  center  of  a  circle  to  the  jwriphery ; 
the  somidiameter  of  the  circle.  In  trigonom- 
etry, the  radius  is  equal  to  the  sine  of  90  de- 
grees. 

41.  Trai'f.zi'M. --.\.  plane  figure  ccmtained 
under  four  right  lines,  of  which  no  tw-)  are 
parallel. 

42.  Th  A  PELOID. — A  plane,  four-yide<l  figure, 
having  two  of  the  opposite  si<les  parallel  to 
each  other. 

43.  Kkflkction.  —In  the  figure,  let  AB 
represent  a  smooth  poIishc<j  surface,  t>r  mirrcr, 
aijrl  suppose  :i  ray  of  light  proceeiling  in  the 
diroi'tioii  Lf*  to  iinjtinge  (»n  the  surface  at  /*, 
an<l  to  be  reHeeted  from  it  in  the  direct i<m  PR. 


From  P  draw  PQ  perpendicular  to  AB,  tlm 
the  aiude  LPQ  is  callea  the  angle  of  inriiWwt. 
and  QrR  the  angle  of  r^ection. 

44.  SuPBRnczgs.  A  superficieB  eoonrts  d 
length  and  breadth;   as,  the  superfides  of  i 

f>late  or  of  a  sphcnre.     Superficies  is  radi- 
inear,  eurvilineart  plane,  convex,  or  ooDcsn. 

45.  Rhomboid. — A  figure  having  some  n- 
semblance  to  a  rhomb;  or  a  quadrilatenl 
figure  whose  opposite  sides  ana  angles  tie 
equal,  but  wlucn  is  neither  equilatoal  nor 
eqtiiangular. 

46.  Sbmicirci<e. — The  half  of  a  circle:  the 
part  of  a  circle  comprehended  between  ttt 
diameter  and  half  of  its  circumference. 

47.  8<9UARE. — A  rectilinear  figure  having 
four  equal  sides  and  four  rii^t  angles. 

48.  KBcnuNEAR  Trlanolk. — One  in  which 
the  three  lines  or  sides  are  all  ri^t  lines, » 
distinguished  from  curvilinear  triangte. 

49.  Khomb,  Rhombus. — An  oblique-an^cd, 
equilateral  parallelogram,  or  ■  quadrilatenl 
figure  whose  sides  are  equal  and  the  opposite 
sides  paralld,  but  the  anises  unequal,  two  of 
the  angles  being  obtuse  and  two  acute. 

60.  Sine.— In  the  circle  ACH,  let  AON  be 
a  diameter,  and  let  CE  be  perpendicular  there- 
to; then  shall  CE  be  the  sine  of  the  arc  CH, 
or  of  the  angle  COH,  and  of  its  sumilcmciit 
CO  A.  The  sine  of  a  quadrant,  or  ot  a  riffat 
angle,  is  equal  to  the  radius.  The  sine  of  any 
arc  is  half  the  chord  of  twice  that  arc. 

51.    ACVTE-ANQLBD    TRIANGLE. One    hST- 

i  ng  all  three  of  its  angles  acute. 

52.  An  Equilateral  Triangle. — One  htv- 
i  ng  all  the  three  sides  equal. 

53.  Polygon. — A  plane  figure  of  many  an- 
gles, and  consequently  of  many  sides:  par- 
ticularly, one  whose  perimeter  consists  o/ 
more  than  four  sides. 

54.  OeTrsANGiTLAR  Triangle.  —  If  one  of 
the  angles  of  a  triangle  is  obtuse,  the  trianfle 
is  called  obtusangular  or  amblygonous. 

55.  CtTRVILINEAR     AND     SpHKRICAL    TiIAX- 

OLE8. — If  the  three  sides  of  a  triangle  are  bU 
curves,  the  triangle  is  said  to  be  curvilinear. 
If  the  sides  are  all  arcs  of  great  circles  of  the 
sphere,  the  triangle  is  said  to  be  spherical 

56.  MixTiLiNEAR  Triangle. — If  .*oine  of 
the  sides  of  a  triangle  are  right  and  othen 
cur\'e.  the  triangle  is  said  to  be  mixtiUnear. 


GEOMETRICAL  CONSTRUCTIONS.' 


To  tlivide  a  given  line  A  B  into  two  equal 
partx;  and  to  erect  a  i»erpen(iicular  t))rr)Ugh 
the  middle. 

With  the  en<l  .4  and  B  as  centers,  draw  the 
dottdl  circle  arcs  with  a  radius  greater  than 
half  the  line.  Throiijrh  the  cr-iniing^  of  the 
arrs  draw  the  i>erperjdiciihir  ('  i>. which  diAndes 
tho  line  into  two  ecpial  parts. 


From  a  given  point  C  on  the  line  A  B,  erect 
a  |>eri>en<lifu':ir  C  I). 

With  r  a>  M  center.  <lraw  tlie  dotted  circle 
arc*  at  A  and /^  equal  distances  from  C.  With 
A  ;ind  B  as  center.-,  draw  tlie  dotte<i  circle  arcs 
at  I).  From  the  rro'»»-ing  D  draw  the  required 
perpendicular  D  C. 


I   3. 


From  a  given  point  C  at  a  distance  fmni  the 
line  .4  B,  draw  a  perpendicular  to  the  line. 

With  C  as  a  center,  draw  the  dotted  circle  ur 
so  that  it  cuts  the  line  at  A  and  B.  With  A 
and  B  nn  centers,  draw  the  dotted  cross  arcs  at 
D  with  equal  radii.  Draw  the  required  per- 
pendicular through  C  and  crossing  D. 


At  the  end  of  .^  t^  a  given  line  -4  B,  erect  a 
I>en>endicular  A  C. 

With  the  point  D  as  a  center  at  a  distance 
from  the  line,  and  with  A  D  Ba  radius,  diav 
the  dotterl  circle  arc  so  that  it  cuts  the  lineit 
E  through  E  and  D,  draw  the  diameter  E  C: 
then  join  C  and  A,  which  will  be  the  requirea 
I»erpendicular. 


"  ropyriffht,  IS!*.'),  hv  J.  B.  Lippincott  Co,    Publi.-^heil  V»y  hi>ecial  )>ermission  of,  and  arranfe- 
ment  with  Sle."->r>..  J.  R.  Lippincott  Co. 
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iven  point  C  at  a  distance  from 
raw  a  line  C  D  parallel  to  A  B. 
ionter,  draw  the  dotted  arc  B  D. 
\i4sr,  draw  through  C  the  dotted 
ith  the  radius  F  C  and  £  as  a 
le  cross  arc  at  D.  Join  C  with 
>,  which  will  be  the  required 


Sie  A  B  and  at  the  point  B,  con- 
t  equal  to  the  angle  CDS. 
.  center,  draw  the  dotted  arc  C 
c  Hame  radius  and  B  as  a  ce  ter. 

F;  then  make  O  F  equal  to  C 
F,  which  will  form  the  required 

C  DE. 


D^le  AC  B  into  two  equal  part.t. 

center,  draw  the  dotted  arc  D 
1  R  as  centers,  draw  the  croi<s 

equal  radii.  Join  C  F,  which 
rie  into  the  required  parts. 

Tf-fcb-ma  C  B). 


igie  into  two  equal  parts,  when 
t  extend  to  a  meeting  pomt. 
esC  D  and  C  E  parallel,  and  at 
s  from  the  lines  A  B  and  F  G. 
inter,  draw  the  dotte<l  arc  B  G; 
id  O  as  centers,  draw  the  cross 
C  H,  which  divides  the  angle 
"ed  equal  parts. 


:t  a  parallelogram,  with  the 
uid  B  and  angle  C. 
se  line  D  E,  and  make  the  angle 
les  D  E-B  and  D  F^A;  com- 
lelogram  by  cross  arcs  at  G,  and 
<  thus  solved. 


le  line  A  B  in  the  same  proiK>r- 
sAC. 

B,  and  through  tho  given  divi- 
3  draw  lines  parallel  with  C  B, 
he  problem. 


Mnter  of  a  circle  which  will  passi 
given  points  A ,  B,  and  C. 
.  center,  draw  t  he  arc  D  E  F  G; 
same  radius  and  A  as  a  center, 
arcs  D  and  F'  also  with  C  as  a 
he  cross  arcs  E  and  G.  Join  D 
o  E  and  G,  and  the  crossing  o  is 
enter  of  the  circle. 


!t  a  square  upon  a  given  line 

)  radius  and  A  and  B  as  centers, 
J  arcsA  E  D  and  B  E  C.   Divide 

two  equal  parts  at  F,  and  with 
and  E  as  center,  draw  the  circle 

A  and  C  B  and  D.  C  and  D, 
tee  the  required  .><quarc. 


jyen  point  A  in  a  circumference, 
.t  to  the  circle. 


Through  a  given  point  A  and  center  C, 
draw  the  line  BC.  with  X  as  a  center,  draw 
the  circle  arcs  B  and  C;  with  B  and  C  as  cen- 
ters, draw  the  cross  arcs  D  and  E;  then  join  D 
and  E,  which  is  the  required  tangent. 

14. 

From  a  given  point  A  outside  of  a  circum- 
ference, draw  a  tangent  to  the  circle. 

Join  A  and  C,  and  upon  A  C  as  a  diameter 
draw  the  half  circle  ABC.  which  cuts  the  given 
circle  at  B.  Join  A  and  B,  which  is  the  re- 
quired tangent. 

15. 

To  draw  a  circle  with  a  given  radius  /?,  that 
will  tangent  the  circle  A  B  C  eX  C. 

Through  the  given  point  C,  draw  the  diam- 
eter A  C  extended  beyond  D'  from  C  set  oflF 
the  given  radius  R  to  u;  then  D  is  the  center  of 
the  required  circle,  which  tangents  the  given 
circle  at  C. 

16. 

To  draw  a  circle  with  a  given  radius  /?,  that 
will  tangent  two  given  circles. 

Join  the  centers  A  and  B  of  the  given  circles 
Add  the  given  radius  R  to  each  of  the  radii  of 
the  given  circle,  and  draw  the  cn)ns  arcs  C, 
whic^  is  the  center  of  the  circle  required  to 
tangent  the  other  two. 

17. 

To  draw  a  tangent  to  two  circles  of  different 
diameters. 

Join  the  centers  C  and  c  of  the  given  circles, 
and  extend  the  line  to  D;  draw  the  radii  A  C 
ami  a  c  parallel  with  one  another.  Join  A  a, 
and  extend  the  line  to  D.  On  C  D  sl»  a  diam- 
eter, draw  the  half  circle  C  r  D;  on  c  />  as  a 
diameter,  draw  the  half  circle  c  f  D;  then  the 
croHsings  e  and  /  are  the  tangenting  points  of 
the  circles. 

18. 

To  draw  a  tangent  between  two  circles. 

Join  the  centers  C  and  c  of  the  given  circles; 
draw  the  dotted  circle  arcs,  and  join  the  cross- 
ini^  m,  n.  which  line  cuts  the  center  line  at  a. 
With  a  C  as  a  diameter,  draw  the  half  circle 
a  f  C;  and  with  n  c  as  a  diameter,  draw  the 
hflilf  circle  c  e  a;  then  the  crowiings  e  and  /  are 
the  tangenting  points  of  the  circles. 

19. 

With  a  given  radiup  r,  draw  a  circle  that  will 
tangent  the  given  line  A  B  and  the  given  circle 
C  D. 

Add  the  given  radius  r  to  the  radius  R  of  the 
circle,  and  draw  the  arc  c  d.  Draw  the  line  c  e 
parallel  with  and  at  a  distance  r  from  the  line 
A  B.  Then  the  crossing  <•  is  the  center  of  the 
required  circle  that  will  tangent  the  given  line 
and  circle. 

20. 

To  find  the  center  and  radius  of  a  circle  that 
will  tangent  the  given  circle  A  B  vlIC,  and  the 
line  D  E. 

Through  the  given  point  C.  draw  the  tangent 
G  F;  bisect  the  angle  F  G  E;  then  o  is  the 
renter  of  the  required  circle  that  will  tangent 
.4  B  at  C,  and  the  line  D  E. 


21 


To  find  the  c«xi\«t  axvi\  T^waa  c\  *.ox<2s»'Co»N. 
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will  tangent  the  given  line  A  B  B,t  C,  and  the 
circle  D  E. 

Through  the  point  C,  draw  the  line  E  F  at 
right  angles  to  A  B;  set  off  from  C  the  rodiu?  r 
ofthe  giN'cn  circle.  Join  O  and  F.  With  O 
and  F  as  renters  draw  the  arc  cronset*  m  and  n. 
Join  m  n,  and  where  it  crossett  the  line  E  F  is 
the  center  for  the  required  circles. 

22. 

To  find  the  center  and  radius  of  a  circle  that 
will  tangent  the  given  line  A  B  at  C,  and  the 
circle  D  E. 

From  C,  erect  the  perpendicular  C  O;  net 
off  the  given  radius  r  from  C  to  H.  With  f/ 
an  a  center  and  r  as  Aidius,  draw  the  croes 
arcs  on  the  circle.  Through  the  cross  arcs 
draw  the  line  I  G;  then  O  is  the  center  of  the 
circle  arc  F  I  C,  which  tangents  the  line  at  C 
and  the  circle  at  F. 

23. 

Between  two  given  lines,  draw  two  circles 
that  will  tangent  themselves  and  the  lines. 

Draw  the  center  line  A  B  between  the  f^iven 
lines;  assume  D  to  be  the  tangenting  pomt  of 
the  circles;  draw  D  C  at  right  angles  to  A  B. 
With  C  as  center  and  C  /)  as  radius,  tlraw  the 
circle  E  D  F.  From  E,  draw  E  m  at  right 
angles  to  E  F:  and  from  F  draw  F  m  at  right 
angles  inF  E:  then  m  and  n  are  the  centers  for 
the  required  circles. 

24. 

Draw  a  circle  that  will  tangent  two  given 
lines  A  B  and  C  D  inclined  to  one  another 
and  the  one  tangenting  iwnnt  E  l)eing  given. 

Draw  the  center  line  G  F.  From  E,  draw 
E  F  at  right  angles  to  ^  B;  then  F  is  the  center 
of  the  circle  requireil. 

25. 

Draw  a  circle  that  will  tangent  two  lines  and 
go  through  a  given  point  C  on  the  line  F  C, 
which  bisects  the  angle  of  the  lines. 

Through  C  draw  A  B  &t  right  angles  to  C  F; 
bisect  the  anelos  DAB  and  E  B  A,  and  the 
crossing  on  C  /'  ia  the  center  of  the  required 
circle. 

20. 

To  draw  a  cyma.  or  two  circle  arcs  that  will 
tangent  thpinsclvo^.  and  two  parallel  lines  at 
givon  point «  .4  and  li. 

Join  .4  and  B:  divide  .4  H  into  four  equal 
parts  and  erect  perpend irular:^*.  Draw  A  m 
at  right  angles  from  .4 .  and  /J  n  at  rieht  atigies 
from  B;  then  m  and  n  are  the  centers  of  the 
rircle  ares  of  the  required  cyma. 

27. 

To  draw  a  talon,  or  two  circle  arcs,  that  will 
tangent  thetnselves,  and  meet  two  p.urallel 
lines  at  right  angles  in  the  given  poiiits  .4 
ami  B. 

Join  -4  and  B;  divi«le  .4  B  into  four  equal 
parts  and  erect  i>eri)en(iicijlars;  then  m  and  n 
are  the  centers  of  the  circle  arcs  of  the  required 
ialon. 

28. 

To  j>lot  out  a  circle  arc  w«thont  recours<»  to 
its  center,  but  its  chord  .4  B  and  height  h  being 
given. 

With  the  chonl  as  radius,  and  .t  and/?  as 
centers,  draw  the  rjotied  circle  arcs  ,4  (^  and 
'"*  />.     Through  the  point  O  <Iraw  the  lino 


iiOoandBOo.  Make  the  ares  Co—ilo  and 
D  o-^B  o.  Divide  these  arcn  into  any  desiitd 
number  of  equal  parts,  and  number  them  w 
shown  on  the  illustration.  Join  .4  and  B  ^th 
the  divisions,  and  the  crosving^  of  equal  num- 
bers are  points  in  the  circle  arc. 

29. 

To  find  the  center  and  radius  of  a  eirele  that 
will  tangent  the  three  sides  of  a  trian^. 

Bisect  two  of  the  angles  in  the  triangle,  and 
the  crossing  C  is  the  center  of  the  required 
circle. 

30. 

To  inscribe  an  equilateral  triangle  in  a  cirrle. 

With  the  radius  of  the  circle  and  Mnter  C 
draw  the  arc  />  F  K;  with  the  same  radra^ 
and  D  and  E  as  centers,  Ket  off  the  points  .4 
and  B.  Join  A  and  B.  B  and  C.  C  and  A, 
which  will  be  the  required  triangle. 

31. 

To  inscribe  a  square  in  a  gi\'en  circle. 

Draw  the  diameter  .4  B,  and  throiujb  the 
center  erect  the  perpendicular  C  D,  and  com- 
plete the  square  as  shown  in  the  iilustratiuiL 

32. 

To  describe  a  square  about  a  given  circle. 

Draw  the  diameters  A  B  and  (7  />  at  right 
angles  to  one  another;  with  the  radius  of  the 
circle,  and  A,  B,C,  and  D  as  centers,  draw  the 
four  dotted  half  circles  which  croes  one  another 
in  the  comers  of  the  square,  and  thus  com- 
plete the  problem. 

33. 

To  inscribe  a  pentagon  in  a  given  circle. 

Draw  the  diameter  A  B,  and  from  the  center 
C  erect  the  perpendicular  C  D.  Bisect  the 
radius  A  C  at  K:  with  E  as  center,  and  />  E 
as  radius,  draw  the  arc  D  E,  and  the  straight 
line  D  F  is  the  length  of  the  side  of  the  penta- 
gon. 

31. 

To  con.struct  Vkjnentaoon  on  a  given  line  .4  B. 

Fn>m  B  erect  B  C  perpendicular  to  and  half 
the  length  of  A  B;  join  A  and  C  prolonged  to 
D;  with  C  as  a  center  and  C  B  an  radius,  draw 
the  arc  B  D;  then  the  chord  B  B  w  the  radiu'« 
of  the  circle  circumscribing  the  pentagon. 
With  .4  and  B  as  centers,  and  B  D  n»  radius, 
draw  the  cross  O  in  the  center. 

35. 

To  ccmstruct  a  pentagon  on  a  given  line  A  B 
withrmt  resort  to  its  center. 

From  B  erect  B  o  i)erpendicular  and  equal  to 
A  B;  with  C  as  center  and  C  o  as  radiu.^*,  draw 
the  arc  D  o;  then  A  D  is  the  diagonal  of  the 
I>ontaKon.  'Whh  A  D  us  radius  and  A  a*  cen- 
ter, draw  the  arc  D  E;  and  with  E  as  center 
and  .4  B  as  radius,  finish  the  cross  E^  and  thu« 
conii)lcte  the  pentagon. 

3ti. 

To  construct  a  hexof/on  in  a  given  circle. 

Tb.e  radiu.M  of  the  circle  is  equal  to  the  side 
of  the  hexagon. 

37. 

To  construct  a  Heptagon. 

The  api)otcm  a  in  a  hexagon  is  the  length  of 

the  side  of  the  heptagon. 
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Set  off  A  B  equal  to  the  radiuB  of  the  circle; 
dmw  a  from  toe  center  C  at  right  angles  to 
A  B;  then  a  is  the  required  side  of  the  hep- 
tagon. 

38. 

To  construct  an  odagon  on  the  given  line  A  B. 

Prolong  A  BtoC.  With  B  as  center  and  A 
B  an  radius,  draw  the  circle  A  F  D  R  C;  from 
B,  draw  B  t  tX  right  angles  to  A  B;  divide  the 
angles  A  B  D  and  D  B  C  each  into  two  equal 
parts;  then  B  B  'u  one  side  of  the  octagon. 
With  A  and  E  as  centers,  draw  the  arcs  H  K  E 
and  A  K  I,  which  determine  the  points  H  and 
/,  and  thus  odmplete  the  octagon  as  shown  in 
the  illustration. 


39. 

To  cut  off  the  comers  of  a  square,  so  as  to 
make  of  it  a  regular  octagon. 

With  the  comcp*  as  centers,  draw  circle  arcs 
through  the  center  of  the  square  to  the  side, 
which  determines  the  cut-ofr. 

40. 

The  area  of  a  regular  polygon  is  equal  to  the 
area  of  a  triangle  whose  htine  is  equal  t^  the 
sum  of  all  the  sides,  and  the  height  a  equal  to 
the  appotera  of  the  polygon. 

The  reason  of  this  is  that  the  area  of  two  or 
more  triangles  ABC  and  ADC  having  a 
common  or  equal  base  b  and  equal  height  h  arc 
alike. 

41. 

To  construct  any  regular  polygon  on  a  given 
lijie  A  B  without  resort  to  it.**  center. 

Extend  A  B  in  C  and,  with  B  as  center, 
draw  the  half  circle  A  D  B.  Divide  the  half 
circle  into  as  many  parts  as  the  number  of 
sides  in  the  polygon,  and  complete  the  con- 
struction as  shown  on  the  iIIu.Ht ration. 

42. 

To  construct  :\n  isometric  ellipse  by  com- 
pasesM  and  ?ix  circle  arcs. 

Divide  O  A  and  O  B  each  into  three  equal 
parts:  draw  the  qua<!rant  A  C.  From  C,  draw 
the  line  C  c  through  the  point  1.  Through  the 
points  2  draw  r/  r  at  an  angle  of  45°  with  the 
maior  nxis.  Then  2  i.>*  the  renter  for  the  ends 
of  the  ellipse ;  f?  is  1  he  cen  ter  fnr  t  he  arc  d  c;  and 
C  >M  the  center  for  the  arc  c  f. 

43. 

To  construct  a  JIuperlnAa  by  plotting^ 

Having  given  th*»  tran.'<verj«e  axis  B  C,  vertexes 
.4  a,  ami  f(x;i  /  /'.  Set  off  any  desired  niin\l)er 
of  parts  on  the  axis  below  the  focu^^.  an<i  num- 
ber them  1,  2,  3,  4.  5.  etc.  Take  the  distance 
a  I  as  radius,  and,  with  /'  a.s  center,  strike  the 
cros.s  1  with  /'  1  -=«  1.  With  the  distance  .4  1. 
and  the  foou-s  /  a.s  renter,  ."trike  the  cros«  1 
with  the  radius  F  1  ==■  .4  1 ,  and  the  cros.s  1  is  a 
point  in  the  hyperlK)la. 

44. 

To  draK'  an  HyiuThola  bxj  a  pencil  and  a  string. 

Having  given  tlie  transverse  axis  B  C,  f<»ci  /' 
and  /.  and  the  vertoxes  A  an<i  a.  Take  a  rule 
and  fix  it  to  a  string  at  e;  fix  the  other  end  of 
the  string  at  the  f«»rus  /.  The  length  of  the 
string  shouhl  he  siu-h  that  when  the  rule  R  is 
«n  the  position  /'('.the  loop  of  the  string  should 
•J)  to  .1/  then  move  the  rule  on  the  focus  f , 


and  a  pencil  at  P.ttmtohinc  •trine  will  trace 
the  hyperbola. 

45. 

To  amatrud  a  Parabola  6y  pUMing, 

Having  given  the  axis,  vertex,  and  focus  of 
the  parabcUa.  Divide  the  transverse  axis  into 
any  desired  number  of  parts  1.  2,  3.  etc..  and 
draw  ordinates  through  the  divinions;  iakn  the 
distance  .4  1,  and  set  it  off  on  the  1st  ordinate 
from  the  foeus  /  to  a,  do  that  A  I  "fa.  Repeat 
the  same  operation  with  the  other  ordinates— 
that  is.  set  off  the  distance  A  5  from  f  ine.m 
that  .4  5«-/  e;  and  sp  the  parabola  is  con- 
structed. 

46. 
To  draw  a  Parabola  unlh  a  pencU  and  a  string. 

Having  given  the  two  axes,  vertex,  and  focub* 
of  the  i^arabola.  Take  a  sauare  ed  e,  and  fix  to 
it  a  string  at  c;  fix  the  other  end  of  the  string 
at  the  focus  /.  The  length  of  the  string  riioula 
be  such  that  when  the  square  is  in  the  poeition 
of  the  axis  A  f,  the  string  should  reaen  to  the 
vertex  A.  Move  the  .square  along  B  B.  and 
the  pencil  P  will  describe  the  parabola. 


47. 


Shidd'M  anti-friction  curve. 


R  represents  the  radius  of  the  shaft,  and 
C  1,  2,  3.  etc.,  is  the  center  line  of  the  shafC 
From  o,  set  off  the  small  distance  o  a;  and  set 
off  a  \"R.  Set  off  th^  same  .small  distance 
from  a  to  b,  and  make  b  2  —  R.  Continue  in 
the  same  way  with  the  other  points,  and  the 
anti-friction  curve  is  thus  constructed. 

48. 

laomeiric  Pergpective. 

This  kind  of  perspjpctive  admits  of  scale 
measurements  the  same  as  any  ordinary  draw- 
init;,  and  gives  a  clear  repre»entation  of  the 
object.  It  in  easily  learned.  All  honsontal 
rectangular  lines  are  drawn  at  an  angle  of  30**. 

All  circles  are  ellipses  of  proportion,  as 
shown  in  No.  42,  on  the  following  page. 

49. 

To  construct  an  dlipse. 

With  a  as  a  center,  draw  two  concentric  cir- 
cles with  diameters  equal  to  the  long  and  short 
axes  of  the  desired  ellipse.  Draw  from  o  any 
number  of  radii,  A ,  B,  etc.  Draw  a  line  B  b' 
parallel  to  n  and  b  b'  parallel  to  m.  then  b  'v 
point  in  the  desired  ellipse. 

50. 

To  draw  an  ellipse  witJi  a  string. 

Having  given  the  two  axes,  set  off  from  c 
half  the  great  axis  at  a  and  6.  which  are  the 
two  focuses  of  the  ellipse.  Take  an  endless 
string  as  long  as  the  three  sides  in  the  tri- 
angle a  b  c.  fix  two  pins  or  nails  in  the  focuses* 
one  in  a  and  one  in  6,  lay  the  string  around  a 
and  6.  stretch  it  with  a  pencil  d,  which  then 
will  describe  the  desired  eUipae. 

51. 

To  draw  an  ellipse  by  circU  arcs. 

Divide  the  long  axis  into  three  equal  parts. 
draw  the  two  circles,  and  where  they  intersect 
one  another  are  the  centers  for  the  tangent 
aTc«  ol  vVift  ^V^\v^>A  «A  vJi^Qiwtk.  \^y  the  figiuure. 
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52. 

To  draw  an  dlipte  by  circle  area. 

Given  the  two  axes,  aet  off  the  short  axis 
from  i4  to  6,  divide  6  into  three  equal  parts, 
set  oflF  two  of  these  parts  from  o  towards  c 
and  e  which  are  the  centers  for  the  ends  of  the 
ellipse.  Make  equ  ilateral  triangles  on  c  c,  when 
e  s  will  be  the  centers  for  the  sides  of  the  ellipse. 
If  the  long  axis  is  more  than  twice  the  short 
one,  this  construction  will  not  make  a  good 
ellipse. 

53. 

To  conttrtict  an  dlip§e. 

Given  the  two  axes,  net  off  half  the  long  axis 
from  cXo  f  f,  which  will  be  the  two  focuses  in 
the  ellipse.  Divide  the  long  axis  into  any 
number  of  parts,  say  a  to  be  a  division  point. 
Take  A  a  as  radius  and  /  as  center  and  describe 
a  circle  am  about  6,  take  a  ^  as  radius  and  /  as 
center  describe  another  circle  arc  about  h.tnen 
the  interseetinn  6  is  a  point  in  the  ellipse,  and 
so  the  whole  elliptse  can  be  constructed. 

54. 

To  draw  an  dlipte  that  laill  tangent  two  paralM 
tines  in  A  and  B. 

Draw  a  semicircle  on  A  B,  draw  ordinates 
in  the  circle  at  right  angle  to  A  B,  the  corre- 
sponding and  equal  ordinates  for  the  ellip.^'e 
to  be  drawn  parallel  to  the  lines,  and  thus  the 
elliptic  curve  is  obtained  as  shown  by  the 
figure. 


.W. 


To  conttruct  a  ci/cloid. 


The  circumference  C  — 3.14  D.  Divide  the 
rolling  circle  and  base  line  C  into  a  number  of 
equal  parts,  draw  through  the  division  point 
the  ordinates  and  abscissas,  make  a  a'  — 1  d, 
b  b'  ='2'e,  r  c  — 3  /.  then  a  b'  and  c'  are  points 
in  the  cycloid.  In  the  Ejncucloid  and  Hypo- 
cycloid  the  abscissas  are  circles  and  the  ordi- 
nates are  radii  to  one  common  center. 


56. 


EtH>lute  of  a  circle. 


Given  the  pitch  p,  the  angle  r,  and  radius  r. 
Divide  the  angle  v  into  a  number  of  equal  parts, 
draw  the  nuiii  and  tangents  for  each  part, 
divide  the  pitch  p  into  an  equal  num1>er  of 
equal  part«.  then  the  first  tangent  will  be  one 
part,  second  two  parts,  third  three  parts, etc.. 
and  so  the  Evolute  is  trace<l. 

57. 

To  construct  a  gpiral  tn'*h  comptisac*  and  four 

centers. 

Given  tlie  pitch  of  the  spiral,  construct  a 
square  about  the  center,  with  the  four  sides 
together  equal  to  the  pitch.  Prolong  the 
sides  in  one  direction  as  shown  by  the  figure, 
the  comers  are  the  centers  for  each  arc  of  the 
externa]  angles. 


58. 


To  construct  a  Parabola. 


Given  the  vertex  A.  axis  x,  and  a  point  P. 
Draw  A  B  at  right  angle  Xx)  x,  and  B  P  parallel 
to  X,  divide  A  H  and  B  P  into  an  equal  num- 
l>er  of  equal  parts.  From  the  vertex  A  »lraw 
*^ncs  to  the  divisions  on  B  P,  from  the  <li vi- 


sions on  A  B  draw  the  ordinates  parallel  to  x, 
the  corresponding  intwaectiona  are  points  in 
the  parabola. 


59. 


To  conatrud  a  Parabola. 


Given  the  axis  of  ordinate  B.  and  \-erlex  A. 
Take  X  as  a  center  and  deaeribe  a  semieirce 
from  B  which  gives  the  foeus  of  the  pandMla  at 
/.  Draw  any  ordinate  y  at  risht  ai^le  to  the 
abscissa  A  r,  take  a  as  radius  aind  the  focus  / 
as  a  center,  then  intersect  the  ordiDate  y.  by 
a  circle-are  in  P  which  will  be  a  point  in  the 
parabola.  In  the  same  manner  the  whole 
Parabola  is  constructed. 

60. 

To  draw  an  arUhmdic  apirat. 

Given  the  piteh  p  and  angle  v,  divide  them 
into  an  equal  number  of  equal  partn.  say  6: 
make 01 -01, 0  2- 0  2,  0  3 -0  3,  0  4 -04. 05 
-0  6,  and  0  A -the  pitch  »;  then  join  the 
points  1,  2,  3,  4,  5  and  6,  which  will  form  the 
spiral  required. 

THE  CIRCLE. 

Notation  of  Leiierw. 

</  — diameter  of  the  circle. 

r  —  radius  of  the  circle. 

p— periphery  or  circumference. 

a  —  area  of  a  circle  or  part  thereof. 

6  —  length  of  a  circle  arc. 

c— chord  of  a  segment,  length  of. 

A  — height  of  a  segment. 

s— side  of  a  rectangular  polygon 

t>  =  center  angle. 

IT  — polygon  angle. 

All  measures  must  be  expr&^sed  by  the  same 

unit. 

FORMULAS  FOR  THE  CIRCLE. 

Periphery  or  Circumference. 
p-^K  d-3.l4rf. 

P^2k  r  =  6.28r. 

;>  =  2  S  >ca-3.54  V a. 

2a         4a 

r  d 

Diameter  and  Raditu. 
p  p 

K         3.14 


2k  6.28 

=  21/  --1. 


A" 
/ 


128  Va 


r-4/  — -0.'>64  i'a. 


rd^ 


a 


A  rea  of  the  CirHc. 

=  0.78.'k/« 


«  -rr2-3.14r2. 
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^^ ^ 

4«     12.66 
pr     Tpd 

**"  2"  4* 


ir-3.14159265358079323846264338327O5O288 
4107169390 

2«-6.283185 
3)r- 9.424778 
4>r- 12.566370 
6>r- 15.707963 
6«- 18.849556 
7>r- 21.991 148 
S]r-25.132741 
9^-28.274334 
^«- 0.785398 
is- 1.047197 
ijr- 1.570796 
19^-0.392699 
i>c- 0.523599 
T^r -0.201799 
fir -2.094394 
aioJT- 0.008726 


1 
-=0.318310 


2 

0.030619 

3 

0.954929 

It 
4 

1.273239 

r 
0 

1.909859 

It 
8 

2.540478 

12 

-3.819718 

300 

— -114.5015 

-0.809050 

S"" 

=  1.772453 

\ 

1 
--0.50n89 

n 

\ 

-- 1.253314 
•> 

\     --0.797H84 

Lor.   >r- 0.497 14987 
til. 

The  periphery  of  a  CMrcIc  w  commonly  ex- 
T»rcs.-ie«l  by  the  Greek  letter  r  —  3.14  when  th.=^ 
(linmotcr  ^^-l  or  the  unit.  lor  any  other 
value  of  the  <Hameter  d,  wo  will  rlenote  the 
periphery  by  the  letter  p,  r=-ra4liuM.  and  n  = 
area  of  the  cirrlr.  The  perif)hery  of  a  circle 
iH  equal  to  3  14-1(K)  times  its  diameter, 
c— chord. 


62. 


63. 


6- -0.0178v::v, 

180 

180b  6 

»- —  57.206-. 

Kf  r 


w  -180 , 

2 

«- 2(180*— w). 


64. 


c«  +  4A»     «» 


r— • 


8A        2h 


c-2  Vafer  — AT 


65. 


ac 


r  — 


66. 


r  = 


a+6  +  c 


67. 


68. 


69. 


70. 


1. 


72. 


'3. 


«'  +  r  — 180®,  ir>r. 

/)-fl+r.     il'  +  B'  +  C-180". 
B^D—C,     A  +B  +C-180*, 

X-fB  +  C-180°. 
-4'=y4,      ^-J?. 

i?  +  C  =  i4+Z>- 180®. 
E^-A+B. 

(ii— 6)2-a*— 2afc+6» 
(a  +  M   (a— 6)-a«— 6« 
a  :  6  -^  c  :  d, 

A-B. 
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7.1. 

a:b-e:  i. 

"■         ^ 

I—.     .-»'l»*(«-r)». 

75. 

aif-t-  b. 

•(-  1  =i-(J(-r)".     ^—1. 

at-**, 

A  :  B-a  :  b. 

88. 

*-  V-fl-HB+rf. 

77. 

89. 

78. 

,._/^      .— r. 

..,/...QLf 

S_2,T.-(—>')'.     r-*(l  +  n. 

79. 

-'-o'  +  fr'. 

„t-tt—f, 
n-f—,^. 

90.                         ^__ 

NO. 

1 

81. 

» 

^               I        r 

Kl. 

,._a.  +  fci  +  2W. 

*"       P   ■      "~»       P' 

A,_  ,  T?=T.. 

P-  —  --.     P-Pil^. 

26 

T«fndlk,U7.alkotaSpinl.      ' 

82. 

a:*-*:., 

l-.n(R  +  r). 

or     nd 

'-F"^- 

r>    M 

fcnp^TTii  s/  an  Btti/im: 

1-2  V'D2  +  !.«I7W>. 

To  conitruet  ■  kicw  Hdix. 

To  uiuart  a  Cirmmlentice. 
-0.5S5.1Mrf-l.ll07  r-0.7071  3. 
■a785.-»98  rf- 1.67079  r- 1,4142  It 
1.27322  5- 1.79740  H-a-. 

To  Ktuart  a  Ctrdtvlant. 
.O.B2Kli57  rf-l.253.-tH  r-0.7(l71 . 
<  l).8H6Z26  d  - 1 .7734S  r- 1.4113  M 
\.\3g3B3~\.l3ei  B-tr. 


CHAPTER   II. 


MACniKE    EliBMENTS 


The  Mavhine  Elements  or  Powers  are  the 
I^ver  and  'the  Inclined  Plane.  Every  ma- 
chine when  analysed  Ls  found  to  be  made  up 
of  these  elements,  either  singly  or  in  com- 
bination; for  example,  pulievs.  gear  wheels, 
etc.,  are  forms  of  levers,  while  screws,  cams, 
etc..  are  forms  of  inclined  planes. 

lliere  are  four  distinct  types  of  levers,  as 
shown  in  our  illustration. 

Ist.  The  Common  Lever,  consisting  of  a 
straight  inflexible  bar  movable  on  a  fulcnmi. 
The  section  of  the  bar  extending  from  the 
fulcrum  to  the  point  where  the  power  is  ap- 
plied is  called  the  Power  .\rm,  and  the  section 
extending  from  the  fulcrum  to  the  point 
where  the  weight  is  applied  is  called  the 
Weight  Arm. 

2d.  The  Angular  or  Bell  Crank  Lever.  This 
is  distinguished  from  the  Common  Lever  in 
having  its  power  arms  disposed  at  an  angle 
to  the  weignt  arms. 

3d.  The  Wheel  and  Axle,  or  Revolving 
Lever.  A  wheel  and  axle  or  two  concentric 
wheels  take  the  place  of  the  power  and  weight 
arms.  The  weight  is  attached  to  a  rope  coiled 
on  one  of  the  wheels,  and  the  power  is  at- 
tached to  a  rope  coiled  on  tVe  other  wheel. 
The  relation  of  this  lever  to  the  common  lever 
is  indicated  by  the  dotted  lines,  and  it  will  be 
evident  that  this  relation  remains  constant 
even  when  the  wheels  are  revolving. 

4th.  Tlie  Pulley.  Another  type  of  revolv- 
ing lever,  but  diinering  from  the  wheel  and 
aue  type  in  that  a  single  wheel  is  used  and 
the  fulcrum  is  not  necessarily  always  at  the 
center  of  the  wheel. 

Each  of  these  types  of  the  simple  lever  is 
capable  of  three  (unerent  arrangements  usu- 
ally termed  "Orders."  In  the  First  Order 
the  fulcrum  lies  between  the  weight  and  the 
power.  In  the  Second  Order  the  weight  lies 
between  the  fidorum  and  the  power.  In. the 
Third  Order  the  power  lies  between  the  ful- 
crum and  the  weight.  The  second  order  gives 
the  longest  power  arm  relative  to  the  weight 
arm.  and  consequently  is  the  most  powerful 
lever  of  the  thrae.  The  formulte  for  deter- 
mining the  amount  of  power  required  to  bal- 
ance a  ^ven  wmght,  are  given  at  the  bottom 
of  the  illustration.  In  measuring  the  arms 
of  the  angular  levers  the  measurements 
should  not  be  taken  along  the  length  of  the 
arms,  but  in  the  horisontal  plane  as  nhown. 
because  this  measurement  represents  the  true 
theoretical  length  of  the  lever  arm.  As  the 
lever  is  moved  about  the  fulcrum,  the  ratio 
of  the  power  arm  to  the  weight  arm  changes 
as  indicated  by  dotted  lines  in  the  first  order 
of  angular  levers,  because  the  arm  that  is  ap- 
proaching the  horisontal  plane  is  increasing 
m  length,  while  the  other  which  is  moving 
towara  tiM  vwtioAl  plane  is  decreasing  in 


length.  The  same  is  true  m  a  mo<lified  form 
of  the  second  and  third  orders  of  angular 
levers. 

In  the  case  of  the  pullejrs  the  power  and 
weight  arms  bear  a  definite  relation  to  each 
other.  No  matter  what  their  sise  may  be, 
the  power  arm  will  always  be  of  the  same  length 
as  tne  weight  arm  in  pmleys  of  the  first  order, 
consequently  the  power  must  be  equal  to  the 
weight  in  order  to  keep  the  lever  m  equilib- 
rium. In  pulleys  of  the  second  order  the 
power  arm  will  be  twice  the  length  of  the 
weight  arm.  consequently  the  power  must  be 
equal  to  half  of  the  weight  in  order  to  keep 
the  lever  in  equilibrium;  and  in  pulievs  of 
the  third  order  the  power  arm  will  be  half  the 
length  of  the  weignt  arm.  consequently  the 
power  must  equal  twice  the  weight  in  order 
to  maintain  the  equilibrium  of  the  lever. 

The  compound  levers  consist  of  two  or  more 
simple  levers  of  the  same  or  different  orders 
coupled  together,  either  for  the  purposes  of 
convenience  or  to  increase  the  power. 

Of  the  two  comi)ound  common  levers  illus- 
traterl.  Figure  1  shows  two  common  levers 
of  the  first  order  coupled  together,  and  Fig- 
ure 2  represents  a  common  lever  of  the  first 
order  coupled  to  a  common  lever  of  the  sec- 
ond order. 

The  compoimd  revoh'ing  lever  illustrated 
is  a  combination  of  a  wheel  and  axle  of  the 
second  order,  o|)erating  a  pulley  of  the  second 
order.  This  compound  lever  is  also  called  a 
"Chinese  windlass,"  owing  to  its  early  use 
by  the  Chinese  for  lifting  heavy  weights,  such 
as  draw-bridges,  etc. 

The  compound  pulleys  or  tackle  shown  aire 
various  combinations  of  pulleyn  of  the  same 
or  different  orders.  Ah  in  the  case  of  the  sim- 
ple pulleys,  the  weight  and  power  arms  bear 
a  constant  relation  to  each  other,  and  it  is 
therefore  possible  to  give  the  nunaerical  value 
of  the  power  in  terms  of  the  weight,  or  vice 
verga,  afforded  by  the  different  types  of  tackle, 
regardless  of  the  sise  of  the  individual  pulievs 
they  comprise.  The  following  simple  formula 
is  applicable  to  all  tackle  in  which  a  continu- 
ous length  of  rope  is  used,  as  in  Figures  I,  2, 
and  3:  Pouter  equaU  weight  divided  by  the 
number  of  rope  part*  eupporiing  the  weight. 
In  Figure  3.  for  instance,  there  are  five  such 
parts,  not  counting  of  course  the  part  on 
which  the  power  is  applied.  Figures  4  to  9 
are  all  rather  complex,  owing  to  the  fact  that 
the  power  is  transmitted  to  the  weight  through 
one  or  more  movable  pulley  blocks  connected 
by  separate  roi)es.  Figures  4  and  5  show 
tackle  arrangements  called  Spanish  burtons. 
A  general  formula,  applicable  to  any  number 


W 


of  pulleys  arranged  as  in  Fig.  6,  is  P*"  2a  —  i 
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in  which  P  reT>reoenU  the  power,  W  the 
weight,  and  n  the  number  of  ropen  uaed.  The 
general  formula  for  the  arrangement  Rhown 

in  Figure  7  is  P«-r— .     The  general  formula 

2" 

for  the  arrangement  nhown  in  Figure  8  is 

W 
P—  — .     The  general  formula  for  the  arrange- 

W 
ment  shown  in  Figure  9  is  P^-^ — ;• 

There  are  three  ^neral  classes  of  inclined 
planes,  the  simple  mclined  plane,  the  wedge 
or  movable  inclined  plane,  and  the  screw  or 
revolving  inclined  plane.  There  are  three 
general  types  of  simple  inclined  planes,  as 
Ulust  rated.  1st.  That  in  which  the  power 
acts  in  a  direction  parallel  with  the  inclined 
face   of   the   inclined   plane.      2d.  That   in 


which  the  power  acts  parallel  with  the  base 
of  the  indinfld  plane.  3d.  Tliat  in  which  the 
power  acts  at  an  an^e  both  to  the  face  and  to 
the  base  of  the  inclined  plane.  The  fomuhB 
for  determimng  the  meehanical  advantage 
secured  by  the  different  forms  of  incKned 
planee  are  ipven  in  the  illustration.  In  the 
third  type  of  inclined  plane  the  relaticm  of 
power  to  weight  changes  as  the  weight  15 
drawn  up  the  plane,  owing  to  the  fact  that 
the  angle  B  becomes  gradually  larger. 

There  are  two  types  nl  wedgee.  the  single 
wedge  and  the  double  wedge.  The  latter  15 
the  more  ccnnmon  type. 

Under  revolving  mclined  planes  we  have 
the  screw  together  with  the  cam  (not  illus- 
trated here),  which  are  mor«;  commonly  used 
in  machinery  than  any  other  type  of  indioed 
plane. 


CHAPTER    III. 


MECHANICAIi    MOVEMENTS. 


OOTHED     GEAR. 

Ieara. — The    ordinary    form    of 

X.     The   MOialler   of   two   inter- 

•wheelfl  whether  a  spur-  or  bevel- 

kI  a  Pinion. 

iTH  MoRTiKKD  Teeth. — This  in 

inarily   known   as   a   Cog-wheel 

inintfl.     The  wheel  i»  ordinarily 

and  the  teeth  of  wood. 

BAR. — The   face  of  this  gear  i« 

sections  with  the  teeth  of  the 
ionH  arranged  in  steps;  that  is, 
.nee  of  the  other.  Step  gear- 
i!<eful    in    heavy   machinery,   as 

practically  continuous  baring 
intermeshing  teeth  of  the  gear- 

5  TooTHKD  Gear. — The  teeth 
•nally  across  the  working  fate  uf 

as  to  give  the  gear-wheel  a  Hide 
double  oblique  toothed-gear,  usu- 
.  V-toothed  gear,  the  thrust  in 
n  is  neutralized  by  an  equal 
)  opposite  direction.     Ah  in  the 

it  gives   a  continuous  bearing 

AL  OR  Anni  LAR  Grar. — The 
med  on  the  inner  periphery  of  a 
type  of  gear  is  wed  in  heavy 
because  it  offers  a  greater  hold 
of  the  driving  pinion.  There  in 
iction  between  the  teeth  than  in 
jiide  spur-gear  and  pinion. 

HEEL  Gear«.— The  teeth  arc  fo 
permit  an  appre<  iable  separation 
wheels  without  preventing  them 
iy  meshing  one  with  the  other, 
ire  used  on  wringing  machines,  etc. 

CAL  Gears. — Due  to  their  ellip- 
Rrhile  the  driving-gear  rotates  at 
ed,  the  other  gear  will  be  rotated 
»  speed.  That  in.  its  motion  will 
erated  and  then  retarded.  They 
ome  machines  to  protluce  a  s*low 
>ke  followed  by  a  quick  return. 

VR  Gears. — The.«^e  gears  have  a 
form  and,  as  in  the  elliptical 
erve  to  transform  uniform  rotary 
nto  variable  rotary  niovement. 
its  movement  i»  more  jerky  than 
ed  by  elliptical  gearn.  Angular 
ry  seldom  used. 

IN  Gear. — The  teeth  consist  of 
lie  parallel  with  the  nxia  of  the 
and  are  secure* I  at  their  ends  in 
•r  gear  head.**.  The  pin.«»  are  so 
>  mesh  with  the  teeth  <»f  a  spur- 
lantem-gear  i>ennits  litnited  .'*lid- 
nt  of  the  spur-Rear  nUn\K  its  axis. 

i  cheaply  made,  but  i-^  u>'e<l«hiefly 
,  suen  as  c]f)ck  me<*hflni.''n),  etc. 


10.  Crown  Gear. — The  teeth  project  per- 
pendicularly from  a  side  face  oi  the  wheel 
mst^id  of  lying  in  the  plane  of  the  wheel. 
When  in  mesh  with  the  teeth  of  a  spur-gear 
or  a  lantern-gear,  it  forms  a  cheap  method  of 
transmitting  i>ower  from  one  shaft  to  another 
lying  at  right  angles  thereto.  Crown  gears 
are  useful  f(>r  light  work,  and  were  common 
in  old  clock  mechanisms.  They  used  to  be 
known  as  Contraie  wheels. 

11.  Bevel  Gears. — The  ordinary  gear  for 
transmitting  power  from  one  shaft  to  an- 
other at  an  angle  thereto.  When  the  wheels 
are  of  the  same  siie  and  o'^erate  on  shafts, 
lying  at  an  angle  of  45  degrees,  one  with  the 
other,  they  are  called  Miter  gears. 

12.  Worm  or  Screw  Gear. — An  «)dlese 
screw  engages  a  spur-gear  with  spirally 
disposed  teeth.  The  screw  is  called  a  worm, 
anu  the  spur-gear  a  worm-wheel.  A  much 
diminishea  but  very  powerful  motion  is  com- 
municated from  the  worm  to  the  worm-wheel. 
It  ia  used  in  hctavy  machinery. 

13.  CrRVED  Worm  Gear. — The  working 
face  of  the  worm  is  curved  so  that  a  number 
of  teeth  will  be  in  mesh  with  the  worm- 
wheel,  thus  giving  greater  strength.  It  is  a 
difficult  matter  to  cut  the  thread  of  this 
worm  correctly  owing  to  its  varying  pitch. 
The  gear  i.s  called  the  saw-tooth  gear  when 
the  teeth  and  thread  are  V-shapea,  as  illus- 
trated. 

14.  Spiral  or  Helical  Gears. — The 
teeth  are  spirally  disposed  on  the  working 
faces  of  the  wheels  so  that  they  will  transmit 
motion  to  shafts  lying  at  right  angles  one 
with  the  other. 

15.  Skew  Gears. — The  gears  rotate  on 
shafts  which  lie  in  different  planes  and  at  an 
angle  with  each  other.  The  drawing  shows 
a  ske^  spur-gear  meshing  with  a  bevel-gear. 
The  same  term  would  apply  to  two  bevel 
gears  lying  in  different  planes  and  at  angles 
to  each  other. 

16.  Rack  and  Pinion. — A  spur-gear  en- 
cages a  toothe<l  bar.  Rectilinear  motion  is 
by  this  mechani.sm  transformed  to  rotary 
motion  or  vice  versa.  It  is  quite  common 
in  heavy  machinery  to  find  a  worm  meshing 
with  and  driving  a  rack. 

17.  Spherical  or  Globoid  Gear.  —  A 
spiral  thread  is  cut  on  a  spherical  body  and 
meshes  with  the  spiral  teeth  of  the  spur 
pinion.  The  latter  \n  so  mounted  that  it  may 
oe  swung  to  different  fiositions  on  the  spher- 
ical gear,  thus  varying  its  speed  of  rotation. 

18.  Gear  with  Roller  Teeth. — The 
teeth  project  from  the  flat  face  of  the  whed, 
an<l  consist  of  pins  carrying  rollers.  This 
construction  is  u.***!  to  re<luce  friction. 

19.  Pin  Wheei..— The  flat  face  of  the  gear 
\s  studded  w\\\v  vvm.  '«\v\cVv  w^  TkA3N^\»».  N» 
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menli  with  Motn  fonne<l   in   the  etige  of  a 

K'nion.  The  pinion  w  so  mounted  that  it  can 
)  moved  toward  or  from  the  center  of  the 
pin  wheel  to  vary  it«  spee<l  of  rotation.  When 
the  pinion  in  moved  pant  the  center  of  the 
pin  wheel  its  direction  of  rotation  is  reversed. 

20.  Spiral  Hoop  Gkar. — A  spiral  thread  is 
formed  on  the  flat  face  of  the  wheel  and  this 
meshes  with  a  worm-wheel.  The  latter  is 
moved  forward  one  tooth  at  each  complete 
rotation  of  the  spiral  hoop.  This  idves  a 
powerful  drive,  though,  of  course,  at  a  greatly 
diminished  Hpce<l. 

21.  iNTERMrrrr.NT  Gear  or  Geneva  Stop. 
— The  driving- wheel  is  provided  with  a  single 
tooth  adapte<l  to  engage  one  of  a  series  of 
notches  in  the  other  wheel.  At  each  com- 
plete rotation  of  the  driving-wheel  the  other 
wheel  is  move<l  forward  one  notch  but  no 
more,  due  to  the  concave  sjiace  l>etween  the 
notches  which  fits  closely  against  the  circum- 
ference of  the  other  wheel.  In  the  Geneva 
stop  one  of  these  spaces  is  forme<l  with  a 
convex  outline,  as  illustrated.  When  this 
s|>ace  is  reached  both  wheels  are  prevented 
from  further  rotation  forward.  The  Geneva 
stop  is  used  fm  watches  to  prevent  winding 
up  the  main  spring  too  tightly. 

22.  Intermittent  Bevel  GearorMiti- 
LATED(iEAH.--The  teeth  are  formed  only  at 
intervals  on  the  face  of  the  gears.  The 
space  l>etween  the  teeth  in  the  driving-fcear  is 
convex,  and  that  between  the  teeth  m  the 
other  gear  is  concave,  so  that  when  the  teeth 
are  not  in  mesh  with  each  other  these 
convex  and  concave  portions  fit  into  each 
other  and  prevent  the  driven  gear  from  mov- 
ing forward  under  its  own  momentum. 

23.  Variable  Gears. — The  gear  wheels 
are  made  u|>  of  gear  sectors  of  dinerent  radial 
length,  which  prcnluce  suddenly  varying  mo- 
tions of  the  driven  gear  due  to  the  varying 
leverage  between  the  wheels.  The  segments 
are  arrange<l  on  different  planes  so  as  not  to 
interfere  one  with  the  other. 

24.  Scroll  (Jkars. — The  gears  have  a 
scroll  form  whirh  prtnluces  a  gradually  in- 
creasing or  (lofn»a."'itig  sikknI  during  each 
rotation.  Tho*»«'  K^ar>  are  also  calle<I  cam 
g»'ar>«. 

L'.'i.  Ki.t.ii'TiiM,  Hi.vn.  (Jf.ahh. — They  pro- 
duct' v:irial)lt>  tiKitinn  of  a  .•>haft  Iviiig  at  right 
atitfli*'-  to  (lu*  (liiviiig  shaft.  This  gear  is 
UT'I  'in  l»i<'y<'l«*s  til  kIvc  inrrca.M**!  power  on 
tlu'  •l(iwii>triiko  «>f  tlio  |>04ial  and  a  (luick 
ni<i\rni(Mit  on  the  ixMurn. 

2*i.  VvKiviu.K  IMnWiikkl.  a  cone  i"  pro- 
vitloil  with  i»in-  arranK<'«l  >piially  thert'on.  and 
tlif^f  irif.~h  with  t«*rth  fornuMi  on  the  other 
roiu».  Whon  orn*  <Min**  i-»  rotated  at  a  oon- 
>tant  •«iK'e<l  the  tithor  nmvi'-«  with  a  Rrathiallv 
in<'r«':t-iric  ot  ■Irrri'a^inir  *-|»»i''l  ihiiinK  oai-n 
rotation. 

L*7.  ('\M-n)orni  I)  I'lstos.  -Th*'  I'iiiion 
<'oii*-i'f«i  of  two  oppo.xitoU  Mi-po^od  hrart- 
>hapoi|  tef'th,  inounto'l  ^ulf  \>y  '•ido.  on  a 
"-liaft.  The  noar-wlio^'l  with  whi<h  thi'> 
nu'-h  ha-  lo«*tli  alti'rn.'itely  arranK*"*!  on  ojipo- 
«.it('  -i*|r»  f;ir»>.  \)\iv  to  thr  form  of  tht' 
iiinioii  tcf'th,  tfio  Kfar-wh***'!  i>  h<rkrd  aftoi 
iiiMiiir  rnov«*'l  forwanl  l»y  one  tooth  until  tho 
oth»'r  tooth  «-iiiin'«-  into  mo^h  with  :t  tooth 
on  tho  othor  face  of  tho  whiH-l. 

2^.  Hi.vi  t.  Si  lioi.i.  <ti  \i(.  Tfio  Koar-whi'ol 
coii-i-tx  of  ;i  l>i'\i'l  'piral  -rri'll  whh'h  ruo-h*-- 
with  a    hovel    pitiion.      .\-    tho    >piral    ^<'roIl 


rotates  it  caui«s  the  pinion  to  sliile  fonrvd 
on  its  shaft,  and  thus  variesn  its  speed. 

FRICTION  GEAR. 

20.  Flat-paced  Friction  Gear.— A  eom- 
mon  type  of  friction  gear.  The  wheei!<  are 
usually  faced  with  rubber  or  leather  to  in- 
crease the  frictional  hold  between  the  wbeek 
One  of  the  wheels  is  joumaled  in  bearings 
which  can  be  adjusted  toward  the  other 
wheel  so  as  to  increase  the  frictional  engv^ 
ment. 

30.  Grooved  Friction  Gear.— The  f**** 
of  the  wheels  are  grooved  so  as  to  increai«  the 
bearing  surface.  The  be»t  results  are  ob- 
tained by  pressing  the  wheels  but  .«lightly  into 
engagement  with  each  other,  as  this  produre- 
little  loss  of  power  by  friction. 

31.  ADjrsTABLB    Friction    Pinion.— The 

Sinion  is  formed  of  a  disk  of  rublier  or  other 
exible  material  held  between  two  wai4ien<. 
When  these  washers  are  tightene«1  together 
they  press  out  the  rubber  between  them, 
crowflmg  it  into  closer  contact  with  the  V- 
groove  of  the  gear  with  which  it  engage*. 

32.  Beveled  Friction  Gear. — Two  cone 
frustums  are  used  to  convey  motion  from  one 
shaft  to  another  at  right  anjide!*  thereto. 

33.  Friction  Dri'ms. — The  drum**  have 
concave  faces  which  permit  them  to  tranMoit 
motion  one  to  the  other  while  lying  at  an 
actrte  angle  with  each  other. 

34     to     40.  Variable     Speed     Friction 
Gear. — 34,  a  pinion,  enj^ages  the  flat  fare  of 
the   friction   disk.     Variable   motion   i.'»  prrv 
duced  by  moving  the  pinion  acniss  the  face 
of  the  disk.     When  the  center  of  the  di^k  i> 
reached  no  motion  is  transmitted.     Bey«>n<i 
the  center  the  direction  of  motion  transmitted 
is  reversed.     35.  Motion  is  transmitted  fnun 
one  friction  disk  to  another  lying  i>arallel.  Init 
not  in  alignment  therewith,  through  an  inter- 
mediarv  pinion.     This  pinion  can  be  niove<l 
vertically  to  engage  dinerent  points  on  the 
friction  disks,  and  thus  produce  any  doimi 
variation  in  the  speed  transmit tecl.     36.  T»o 
convex  friction  disks  are  so  arrange<l  that  (me 
may  be  swung  through  an  angle  bringing  dif- 
ferent points  on  its  surface  into  contact  with 
the  face  of  the  other  disk.     In  this  manner 
the  s|>ee<l  of  the  motion  transmitted  is  varieti. 
This  gear  is  used  on  sewing-machines.    37. 
Two  parallel  friction  disks  are  each  provided 
with  an  annular  concavity.     Motion  l«  tran^ 
ndttetl  fn>m  one  disk  to  the  other  by  a  friction 
pinion  mounted  between  the  disks,  and  50  ar- 
range<i  thnt  it  can  be  rotated  to  engage  differ- 
ent point'^  on  the  surfaces  of  the  cf»ncavitic!>. 
thereby     varying     the     speed     tran>niitte<l. 
3s.  A  rono  with  concave  face  h*  engage<l  bj-  a 
l>inion  which  may  be  swung  alxiut  a  center 
to  oiiKaKO  <lifTerent  i>oints  on  the  face  of  the 
rono.     3'.J.  Two  cones  with  concave  faces  are 
inount<>'l  on  shafts  running  at  right  angles  to 
oach  othor.     Motion  is  transmitted  fnmi  one 
cone  to  the  other  through  a  friction  pinii>n 
mount e«l  to  snivel  so  as  to  engage  different 
point-  on   the  faces  of  the  cones.     40.  Taii 
friction  oonc-H  are  mounted  on  imrallel  shafti*. 
and  IvctwiMMi  thcin  runs  a  friction  pinion  hav- 
ing two  faco^.  one  engaging  the  upi^er  cone 
and  tho  other  engaging  the  lower  cone.     Thl" 
p:«»\iih-.     a     l)r»^<l    bearinf(     surface.     The 
pinion   m:»y  l>o  nnive<l  to  different  iMi#.ition>« 
ah>iiK  <ho  t'aco-N  of  the  cones,  anfl  thereby  prf»- 
du«'o  rhauiio^  in  the  !*|)ee<l. 
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CHAIN    GEAR. 

41.  Sprocket  Wheel. — The  wheel  is  pro- 
yided  with  teeth  adapted  to  fit  in  between  the 
links  of  a  chain.  The  chain  may  be  of  the 
ordinary  oval  welded  link  type  or  of  the  flat 
riveted  type  used  on  birycles. 

42.  Link-belt  Wheel. — The  chain  is 
made  up  of  square  links  which  are  encased 
by  ratchetHihape<l  teeth  on  the  chain  wheel. 

43.  PorKKT  Wheel. — The  wheel  is  formed 
with  pockets  into  which  the  links  of  the  chain 
are  adapted  to  flt. 

44.  Side-toothed  Wheel. — The  wheel  is 
formed  with  two  sets  of  teeth  between  which 
the  chain  travels.  The  teeth  bear  against 
the  ends  of  the  outer  links  of  the  chain. 

45.  Side  and  Center  Toothed  Chain 
Wheel. — This  wheel  is  Mimilar  to  that  shown 
in  Fig.  44.  but  has  in  addition  a  row  of  teeth 
alon^  the  center  which  bear  against  the  cen- 
ter hnk  of  the  chain. 

46.  Toothkd-link  Chain  and  Wheel. — 
The  links  are  forme«l  with  projecting  teeth 
which  fit  into  notches  on  the  rim  of  the  chain 
wheel. 

47.  "Silent"  Chain  and  Wheel. — This  is 
a  special  type  of  chain  in  which  each  link  is 
forme«l  with  a  tooth  at  each  en<l.  The  teeth 
of  adjacent  links  cfwict  to  completely  fill  the 
spaces  between  the  teeth  of  the  chain  wheel. 
The  construction  is  such  as  to  prwluce  a 
noiseless  operation  of  the  chain  gear  even  at 
high  speeds. 

48.  DkTACHARLE  ToOTHEr>-LINK   BeLT  AND 

Wheel. — Each  link  is  forme<l  with  a  tooth, 
which  meshes  with  the  teeth  of  the  chain 
wheel.  The  construction  of  each  link  is  such 
that  it  may  be  readily  slippe<l  into  or  out  of 
engagement  with  the  next  link  of  the  chain. 

HOPE    GEAIl. 

49.  V-Pi;llet. — The  onlinary  tjrpe  of  pul- 
ley for  round  ropes  or  cables.  Owmg  to  the 
V-shaj>e<l  construction  of  the  pulley  groove, 
the  n>i)e  we<lges  tightly  into  engagement 
with  the  pulley. 

50.  PiLLKY  WITH  Flexible  Fillino.— In 
onler  to  i^ecure  frictional  engagement  of  the 
cable  with  this  puUoy,  the  pulley  grcKivc  is 
pn»vi(Ip<l  with  rubl)er,  leather,  wcxxlen.  or 
other  filling. 

51.  Pri.LKV      WITH      HlHBKD      CiHOOVE,— In 

this  coiLstruction  <»f  puUev  the  require<l  grip 
is  |)r4Hlure<l  by  forming  riF>s  iu  the  Ixittoui  of 
a  pulley  grcK>ve. 

52.  l^iu.KY  WITH  CIkipi'Inc  LruM. — The 
flanKo^t  of  this  iiulley  nro  fonncfl  with  lugs 
which  kink  the  rope  or  cable  as  shown,  thus 
prfH luring  the  rtH4nire4i  grip. 

53.  Koi'K  Si'UofKFrr-wHKKi..-  -An  old  form 
of  roj»o  gear  uxmI  in  hoists  and  tho  like. 

54  and  5.'i.  Ckiimmnc  Pillkys.  (;ripr)ing 
ann-^  are  provide<l  whirh  grip  the  rnblc  at  the 
point  where  the  cable  |>rc.'^*^s  into  tho  pulley. 
In  51  the  gripping  ami.'*  are  we<lg»H|  inward 
by  the  siile  walls  of  tho  |>ulley  gn  <>vc  when 
f>res«*c<l  down  wan  I  by  the  raV>le.  'rhe«-e  anriH 
are  nonnally  h  l<l  up  by  coil  springs.  In  ."iS 
tho  cable  i^  Kripr>e<l  by  tho  toggle  nif»vement 
of  hinge<l  rlitw  plare<l  at  interval**  along  the 
|)erii>herv  of  the  pulley. 

5«i.    Cahi.K     Si'norKKT-WHKKI-  -  Tlio     rn\'\o 

is  provided  with  claTiip**  which  enter  sockets 

fornieil  in  the  cable  wheel.      'riii«<  i"  a  fomi  of 

ea>»Ie  gear  c<»mmrmly  use<l  at  present  in  cle- 

'og  and  conveying  machinery. 


CLUTCHES, 

57.  Common  Jaw  Clutch. — One  member 
of  the  clutch  is  mounted  to  slide  on  a  feat  here*  I 
shaft,  and  the  other  member  whioh  is  con- 
nected with  the  machinerv  is  normally  >ta- 
tionary  on  this  shaft.  When  the  alidable 
member  is  moved  forward  the  teeth  on  its 
forward  edge  intermesh  with  the  teeth  of  the 
other  member,  setting  the  machinerv  in  men- 
tion. The  slidable  member  is  moved  forwanl 
by  means  of  a  forked  lever  which  is  hinged  to 
a  split  collar  mounted  loosely  between  nange<^ 
on  the  clutch  member. 

58.  Claw  Clutch. — The  slidable  member 
of  the  clutch  consists  of  a  body  portion  with 
two  claw  arms  which,  when  moved  forward, 
are  adapted  to  engage  opposite  sides  of  a  bar 
on  the  other  member  of  the  clutch. 

53.  Lever  Clittch. — The  slidable  member 
is  provided  with  a  lever  loosely  hinced  to  it« 
forward  end.  The  other  member  of  the 
clutch  consists  of  a  disk  formed  with  ratchet 
teeth  on  its  face.  These  are  engafed  by  the 
hinged  arm  when  the  shaft  rotates  in  one 
direction,  but  the  arm  moves  freely  over 
them  when  rotated  in  the  opposite  direction. 

60.  Knee  and  Rose  Clutch. — A  crank 
arm  is  attached  to  the  slidable  member  of  the 
clutch,  and  engages  a  pin  on  an  arm  lo<vely 
hinged  to  the  opi>oeite  member  of  the  clutch. 

61.  Ratchet  Clutch. — The  clutch  mem- 
bers are  formed  with  ratchet  teeth,  so  that 
when  the  motion  of  the  driving  shaft  is  re- 
versed,  the  members  will  be  disengaged. 

62.  Pin  Clitth.— The  slidable  member  i.* 
provided  with  radial  arms  formed  with  pin.<« 
at  their  outer  ends  which  are  adapted  to  enter 
sockets  formed  along  the  periphery  of  a  du-k 
on  the  opposite  member  of  the  clutch. 

63.  Friction  Disk  Cli'tch. — The  two 
clutch  members  are  each  formed  with  difkit 
preferably  faced  with  rubber  or  leather.  .<o 
that  when  pressed  together  their  frictional 
engagement  will  cause  a  transmission  of  mo- 
tion from  the  rotating  disk  to  the  other. 

64.  FRicriON  Groove  Cli'Tch. — One  of 
the  clutch  members  is  formed  with  a  groove 
in  its  face  to  receive  the  lip  of  the  other  mem- 
ber which  is  cup-shai>e<l.  Both  the  lip  and 
the  side  walls  of  tne  groove  are  slightly 
ta|>ered  to  insure  a  close  fit,  even  after  the 
part.s  have  been  partly  worn  away  by  friction. 

65.  Stud  Clutch. — Engagement  between 
the  two  members  of  the  clutch  is  effected  by 
menus  of  a  stud  on  each  disk  adapted  to 
enter  a  notch  formed  in  the  perii)hery  of  the 
op|x>sing  <lisk. 

66.  Friction  Band  Clutch. — One  mem- 
ber of  the  clutch  consists  of  a  pulley  provide<l 
with  a  steel  band  which  encircles  and  fits 
tightly  on  its  i»eriphery.  TTie  other  member 
of  the  clutch  consist.-*  of  a  lever  providetl  with 
pins  at  its  outer  ends,  which  are  adapter!  tn 
engage  the  steel  luind.  Since  this  band  l<«  not 
f:i.«tene«l  t*>  the  pulley,  any  shock  due  to 
suddenly  throwing  the  clutch  members  into 
engogenioiit  will  l>e  taken  up  by  the  steel  band 
slipping  on  the  face  of  the  pulley. 

67.  FHimoN'  Cone  Clitth. — The  clutch 
i<<  made  up  of  two  cones,  one  adapte<l  to  fit 
into  the  other.  The  frictional  engagement 
raiLHcs  one  to  drive  the  other. 

OS.  SKLK-uKi,rAsiN<;  Clutch. — The  clutch 
disks  are  provided  with  inclined  teeth,  so  that 

\w  cv^  \\\^  T^vsv%xiR^  V)  t,hA  diiYeQ  shaft  io- 
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CHAIN    GEAR. 

41.  Sprocket  Wheel. — The  wheel  is  pro- 
vided with  teeth  adapted  to  fit  in  between  the 
links  of  a  chain.  The  chain  may  be  of  the 
ordinary  oval  welded  link  type  or  of  the  flat 
riveted  type  used  on  bicycles. 

42.  Link-belt  Whrkl. — The  chain  is 
made  up  of  square  links  which  are  engaged 
by  ratchet-shaped  teeth  on  the  chain  wheel. 

43.  Pocket  Wheel. — The  wheel  is  formed 
with  pockets  into  which  the  links  of  the  chain 
are  adapted  to  fit. 

44.  Side-toothed  Wheel. — The  wheel  is 
formed  with  two  sets  of  teeth  between  which 
the  chain  travels.  The  teeth  bear  against 
the  ends  of  the  outer  links  of  the  chain. 

45.  Side  and  Center  Toothed  Chain 
Wheel. — This  wheel  is  similar  to  that  shown 
in  Fig.  44,  but  has  in  addition  a  row  of  teeth 
aJonf{  the  center  which  bear  against  the  cen- 
ter hnk  of  the  chain. 

46.  Toothed-unk  Chain  and  Wheel. — 
The  links  are  formed  with  projecting  teeth 
which  fit  into  notches  on  the  rim  of  the  chain 
wheel. 

47.  "Silent"  Chain  and  Wheel. — This  is 
a  special  type  of  chain  in  which  each  link  is 
formetl  with  a  tooth  at  each  end.  The  teeth 
of  adjacent  links  coact  to  completely  fill  the 
sr>aces  lietween  the  teeth  of  the  chain  wheel. 
The  construct  ion  is  such  as  to  produce  a 
noiseless  operation  of  the  chain  gear  even  at 
high  si>pe<ls. 

48.  Detachablk  Toothed-link  Belt  and 
Wheel. — E^h  link  is  forme<l  with  a  tooth, 
which  meshes  with  the  teeth  of  the  chain 
wheel.  The  construction  of  each  link  is  such 
that  it  may  be  readily  slipped  into  or  out  of 
engagement  with  the  next  Imk  of  the  chain. 

ROPE    GEAR. 

49.  V-PiJLLET. — The  onlinary  type  of  pul- 
ley for  round  ropes  or  cables.  Owmg  to  the 
V-sha|>e<l  construction  of  the  pulley  groove, 
the  nifie  wedges  tightly  into  engagement 
with  the  pulley. 

50.  Pi'LLEY  WITH  Flexible  Filli.no.  — In 
onler  to  !«ccure  frictir>nal  engagement  of  the 
cable  with  ihi;*  pulley,  the  pulley  groove  is 
pn>vi<ie<I  with  rubljer,  leather,  wooiien,  or 
other  filling. 

51.  PlI.LKY      WITH      HlHBKI>      GhOOVE. —  In 

thir*  roiistrurtioM  of  [mlley  the  require*!  grip 
is  pnKluco<l  by  fonning  rin.s  in  the  bottom  of 
u  pulley  gnM)ve. 

52.  l^iLLKV  WITH  (jHII'I'IN«j  Lr(is.— The 
fl.ingoM  of  this  |>ullpy  uro  formed  with  lugi* 
whifli  kink  the  rojM?  or  cable  as  sh<iwn.  thus 
pnNJiH'ing  the  requircMl  gri|), 

53.  Hope  Sn(o<'Ki-n'-wiiKKL. — An  old  form 
of  roiK*  gear  nsoA  in  hoists  and  the  like. 

54  and  55.  ('iHIIM*i\<;  Pillkys.-  ('iripi)ing 
arms  are  provideil  which  grip  the  cable  at  the 
point  where  the  cable  pres.-'cs  into  the  j mlley. 
In  54  the  gripiiing  amis  arc  we<Ige<l  inward 
by  the  side  walls  of  (he  pulley  gr<  <)ve  when 
pres«*«vl  downward  by  the  cable.  The*-e  amiH 
are  nonnally  h  l«l  up  by  coil  springs.  In  55 
the  cable  is  Kripi>e<l  by  the  toggle  movement 
of  hinge*!  cliT>H  plare<l  at  intervals  along  the 
l>erii>hery  of  the  pulley. 

5<i.  Caulk  Sppot-KKT-wiiKKi..-  The  cable 
is  provide*]  with  cljirnns  whirh  enter  sockets 
fonrnnl  in  the  fable  wheel.  This  is  a  form  of 
cable  gear  commonly  use*!  at  present  in  ele- 
vatJng  and  coaveying  machinery. 


CLUTCH£8. 

57.  Common  Jaw  Clutch. — One  member 
of  the  clutch  ia  mounted  to  Blide  on  a  featberetl 
shaft,  and  the  other  member  whioh  is  con- 
nected with  the  machinerv  is  nommlly  sta- 
tionary on  this  shaft,  when  the  alidable 
member  is  moved  forward  the  teeth  on  its 
forward  edge  intermeah  with  the  teeth  of  the 
other  member,  setting  the  machinerv  in  mo- 
tion. The  slidable  member  is  moved  forward 
by  means  of  a  forked  Lever  which  is  hinged  to 
a  split  collar  mounted  loosely  between  flange» 
on  the  clutch  member. 

58.  Claw  Clutch. — The  slidable  member 
of  the  clutch  consists  of  a  body  portion  with 
two  claw  arms  which,  when  moved  forwar*!. 
are  adapted  to  engage  opposite  sides  of  a  bar 
on  the  other  member  of  the  cluteh. 

59.  I..EVER  Clutch. — The  ididable  member 
is  provided  with  a  lever  loosely  hinged  to  it;* 
forward  end.  The  other  member  of  the 
clutch  consists  of  a  disk  formed  with  ratchet 
teeth  on  its  face.  These  are  engafed  by  the 
hinged  arm  when  the  shaft  rotates  in  one 
direction,  but  the  arm  moves  freely  over 
them  when  rotated  in  the  opposite  direction. 

60.  Knee  and  Rose  Clutch. — A  erank 
arm  is  attached  to  the  slidable  member  of  the 
clutch,  and  engages  a  pin  on  an  arm  loosely 
hinged  to  the  opposite  member  of  the  clutch. 

61.  Ratchet  Clutch. — The  clutch  mem- 
bers are  formed  with  ratchet  teeth,  so  thst 
when  the  motion  of  the  driving  shaft  is  re- 
versed,  the  members  will  be  disengaged. 

62.  Pin  Clutch.— The  slidable  member  i* 
provided  with  radial  arms  formed  with  pin> 
at  their  outer  ends  which  are  adapted  to  enter 
sockets  formed  along  the  periphery  of  a  di>k 
on  the  opposite  member  of  the  clutch. 

63.  Friction  Disk  Clutch. — The  tmo 
clutch  members  are  each  formed  with  di>ks 
preferably  faced  with  rubber  or  leather,  fo 
that  when  pressed  together  their  frictions  1 
engagement  will  cause  a  transmission  of  mo- 
tion from  the  rotating  disk  to  the  other. 

64.  Friction  Groove  Clutch. —  One  of 
the  clutch  members  is  formed  with  a  groove 
in  its  face  to  receive  the  lip  of  the  other  mem- 
ber which  is  cup-shaped.  Both  the  lip  an*! 
the  side  wails  of  the  groove  are  slightly 
tapere<l  to  insure  a  close  fit.  even  after  tfaie 
parts  have  been  partly  worn  away  by  friction. 

65.  Stud  Clutch.  —  Engagement  between 
the  two  members  of  the  clutch  is  effected  hy 
means  of  a  stud  on  each  disk  adapted  to 
enter  a  notch  formed  in  the  periphery  of  the 
opix>sing  disk. 

66.  Friction  Band  Clittch. — One  mem- 
ber of  the  clutch  ctmsists  of  a  pulley  provifle*! 
with  a  steel  band  which  encirclee  and  fits 
tightly  on  it,**  periphery.  T1h»  otber  member 
of  the  clutch  consists  of  a  lever  provide<l  with 
pin.s  at  its  outer  ends,  which  are  adapte*!  to 
engage  the  steel  band.  Since  this  band  is  not 
fastened  to  the  pulley,  any  shock  due  to 
sucMenly  throwing  the  clutch  meffnbers  into 
engagement  will  be  taken  up  bv  the  steel  band 

'    slipping  on  the  face  of  the  pulley. 

67.  Friction  Cone  Clutch. — The  clutch 
in  ma.i\p.  up  of  two  cones,  one  adapted  to  fit 
into  the  other.  The  frietional  engagement 
causes  one  to  *  I  rive  the  other. 

W.  Sklk-rki.kasino  Clitch. — The  clutch 
disks  are  provi*le*l  with  inclined  teeth,  so  that 
'\w  c«a^  \V<^  x^Vx^nn^  V)  thA  driven  shaft  io- 
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creases  beyond  a  certain  degree,  the  clutch 
members  will  automat  icatly  move  apart. 

fiO.  Cam  Cli  tch. — One  of  the  membem  is 
cup  shai>ed,  and  within  this  the  other  mem- 
ber operates.  The  latter  compristes  a  number 
of  cam-shaped  arms  hinged  to  a  body  portion, 
and  so  arranged  that  when  moved  in  one 
direction  they  will  bind  against  the  inner 
wall  of  the  drum,  but  when  moved  in  the  op- 
p(N*ite  direction  they  will  be  automatically 
disenga|ced  therefrom. 

70.  V-ORoovED  Clitcii. — The  clutch  disks 
are  forme<l  with  annular  V-grooves  adai>ted 
to  fit  into  each  other,  and  thu-ti  increase  the 
friction  t«urface  of  the  clutch  members. 

71.  Expansion  Ch  tch.  —  The  slidablc 
member  is  provided  with  a  number  of  mov- 
able ring  segments  connected  by  radial  arms 
to  the  main  body  of  the  clutch  and  adapted 
to  bear  again.^t  the  inner  surface  of  the  (frum 
or  cup  which  constitutes  the  other  member  of 
the  clutch.  When  the  slidable  member  is 
move<l  f<irward,  by  reason  of  the  toggle  ac- 
tion of  the  radial  arms,  the  segments  are 
brought  into  frictional  engagement  with  the 
other  member  of  the  clutch. 

72.  CoiLr<jRiP  Clt  Tm.  —  The  movable 
meml>er  of  the  clutch  is  formed  with  a  num- 
l>er  of  coils  of  steel  in  which  there  is  a  central 
conical  o()ening.  This  is  moved  over  the 
cone  which  constitutes  the  o|»posite  member 
of  the  clutch,  producing  the  require<l  fric- 
tional engagement  of  the  two  members. 

ANGLE    SIIAI-T    COUPLINGS    AND 
UNIVERSAL  JOINTS. 

73.  Crank  and  Hinc;kd-pi.n  Coi  PLiNn. — 
A  coupling  for  shafts  which  lie  at  an  angle  lo 
each  other.  One  shaft  carries  a  hinged  pin 
which  fits  into  an  opening  in  the  outer  end 
of  a  crank  arm  carried  by  the  other  shaft. 

74.  I)0'   BLK-HLKKVK      An<JLK      CoM'UNC;. — 

Each  shaft  carries  a  crank  arm  provide*!  with 
a  pin  at  its  outer  end,  which  lies  parallel  with 
its  re>|>crti\c  shaft.  The  two  pins  enter  a 
coupling  device  consisting  of  two  bleeves  in- 
tegrally formed,  but  lying  at  an  angle  with 
each  other  which  <'orrcsi»ond.'«  to  the  angle 
formed  by  tho  shafts.  Ihrough  this  d<iuble- 
slocvc  rouitline.  nif)tion  i.s  tran.sniitted  fn  ni 
one  -li.ift  to  the  other,  the  pins  sliding  back 
and  forth  in  the  slo^ve  openings. 

7.').  ("uo^s-n^n  An«.i.i.  Coi  i-i.iNr,.— This  is 
ii-^ed  for  i-oujiliiiK  two  i)arallel  but  offset 
"^yiafts.  [•.acli  ^li:ift  carries  a  ><>ke  piece  pro- 
viiie<l  with  >I<m'\o-  at  if-^  outer  ends.  The 
coiiplinir  iruMriiMM"  i-^  a  cro>-i->liaped  piece,  its 
arm-  fitting  into  the  .-U'eves  of  the  y<"ke 
I)ic(es.  anil  [XMinit tine  the  ner-e»-sar\-  hiten  1 
r»lay  a^  the  -halt  r<itat«'^.  T)iis  f<  rin  <  f 
<<>ii|)hni;  i.-  :'isM  apphcaMe  to  ."•haft>  whith  Ue 
at  :in  atmU?  witfi  each  other-. 

7'i.  Tin-  wd  Si.or  C<n  pi.in*;.-  A  «rank 
piir  famed  l»y  one  slmft  encrnue"  a  ^^^l"  t  in  a 
(•rank  arm  carried  by  tlic  other  sh:ift.  The 
mntion  tr:iii.-mitted  is  variahle.  due  t<>  the 
fart  that  the  h*veraj;e  varies  as  tlie  pin  mu>e> 
up  :in<i  down  in  t}i(>  ^hit. 

77.  l;iNi:-<  ;i\in\i,  1  MVKifsM.  .loivr  The 
cmK  of  the  -liaft-  are  jiroviWi'il  with  \«ke 
mernlier^  who-i'  nrrii-  arc  pi\ored  i.i  a  ririr- 
(rinil>al.  tht-  p'\oi  pin-  of  thi-  two  \<.Ke  i-icit— 
l\inir  :it  riL'ht  antrh's  to  «\iih  otfuT.  ilii.- 
<'oiiphin»  Will  commiinif  :ite  motion  .'it  aii.\- 
anirh-  uiMler  4'»  ih-e-.  lor  anirlc-  of  om'v  4') 
lieg".  a  doul)h'-link  imiver.-al  joint  i-  u-cd. 


78.  DouBLE-LDTK  Univkiwal  Joint.— A 
link  forked  at  each  end  is  hinged  to  two  ritm, 
which  are  mounted  in  the  yoke  pieces  on  t&e 
ends  of  the  shafta.  In  place  of  rinp?  cruNi 
pieces  9uch  as  shown  in  the  illustration  Are 
often  used. 

79.  HooKE*8  Angt'lar  Coi;pung.— The 
shafts  are  connected  by  two  double  linlci 
which  are  arranged  in  the  form  of  a  parallelo- 
gram. Intermediate  of  the  shafts  the  links 
are  connected  with  ball-and-socket  joints. 

80.  Ballt-and-socket  Univeraal  Joint.— 
Socket  pieces  are  secured  to  the  ends  of  the 
shafts,  and  these  are  provid€>d  with  metal 
bands  which  encircle  the  ball  that  constitute^ 
the  coupling  member.  The  ban<is  entn- 
grooves  in  the  ball  which  lie  at  right  an^es  to 
each  other. 

81.  "Almond**  Angilar  Coipling. — k 
side  view  of  the  coupling  is  shown  at  1  and  a 
plan  view  at  2.  Between  the  .«hafts  tc»  he 
coupled  is  a  fixed  stud  on  which  a  bell  crank 
is  mounte<l  to  turn.  The  boll  crank  is  per- 
mitted to  slide  axiallv  on  the  stud.  The 
bell  crank  is  connected  at  the  enda  by  ball- 
and-socket  joints  with  links  attached  to  the 
e:ids  of  the  shafts.  Now.  as  the  power  shaft 
rotates,  rotary  motion  will  be  comniunicate<l 
to  the  other  shaft  through  the  bell  crank, 
which  will  rock  and  also  .slide  a.xially  on  the 
stud. 

82.  Flexfblk  Shaft. — Two  shafts  are  con- 
nected by  a  flexible  shaft  cons-isting  of  a  rcil 
spring,  or  a  metal  tube  in  which  a  helical  saw- 
slot  has  been  cut.  This  flexible  shaft  will 
permit  tran.'<misM<»n  of  motion  through  a 
wi<le  angular  range. 

83.  Linked  Flkxiblk  Shaft. — The  flex- 
ible shaft  i»  made  ui>  of  a  series  of  litik>i 
coupled  together  with  universal  joints.  A 
coil  spring  fits  l(K>sely  over  the  link^  and  pre- 
vents them  from  kinking.  ThU«  spring  in 
turn  is  covereil  with  a  flexible  tul>e.  Tlie 
shaft  will  transmit  motion  alxiut  almost  any 
curve  or  angle.  It  can  be  usetl  ft»r  heavy 
work. 

84.  Right-angle  Coi-pling. — The  end?  «»i 
the  shafts  are  formed  with  hea^ls  in  which  are 
drilled  a  number  of  ."ockets.  A  series  of  n-d'*. 
Cich  bent  to  form  a  right  angle,  enter  thc>e 
slots  and  form  the  coupling  links  between  the 
shaft »«.  As  the  shafts  rotate  these  roils  sliile 
in  atui  out  of  their  scx-kets. 

I{  ATCH  ET     M(  )VEMENTS. 

So.  The  teeth  of  a  ratchet  wheel  are  en- 
gaged by  a  pawl  hinge<i  to  a  nx^king  ami. 
The  ratchet  wheel  is  n)tatc<l  only  on  the 
forwanl  stroke  of  the  arm. 

Sf).  A  rocking  lever  carries  two  pawls,  one 
on  each  side  of  its  fulcrum.  The  wheel  i:* 
rotateil  b<Jth  by  the  downwanl  an<l  the  return 
stroke  of  the  lever:  for  while  one  pawl  is 
ritating  the  wheel,  the  other  swings  to  vmi- 
t  on  t<)  take  a  new  hold  on  the  ratchet  wheel. 
The  rotati«>n  of  the  ratchet  wheel  is  thus 
kept  nearly  constant. 

S7.  A  ratchet  crown-wheel  or  rag-wheel 
i<  enjraced  by  i)awls  depending  from  two 
arni'*  loo-oly  pivoted  on  the  axle  of  the 
r  iiihet-whccl.  Thee  two  arms  are  ci»n- 
necte  I  by  link>»  to  a  common  |H>wer  ann. 
Kectiiineur  rcriproenting  movement  of  the 
l.tt!<*r  m  the  line  of  the  arrow  pnxluces  an 
almo-t  con -t ant  rotation  of  the  ratchcl- 
whei'l. 


SCIENTIFIC  AMERICAN   REFERENCE   BOOK.  423 


"^SP^ 


^ 


plrmtrd 


w 


"-^m^ 


> 


p. 


■UA 


sriKNTIFir    AMERICAN    REFERENCE    BOOK. 


>s.  The  art  inn  of  thi<  ratchet  inoohauisin 
i>  very  similar  to  that  shown  in  V'ik.  NH, 
except  that  the  pawls  are  hnuke<l  ancl 
ratchet-wheel  is  n)tate4l  by  an  alternating 
pullinff  rather  than  pushing  action  of  the 
pawls. 

8V.  Thiif  is  a  modification  of  the  princi))Ie 

fjictureii   in    Fig.   HK,   and   t«howH  a  rocking 
ever  with   two   pawls   hinged    thereon  en- 
gaging a  ratchet  rack. 

90.  Another  nKxiification  of  the  principle 
nhown  it.  HS.  The  rocking  lever  is  mounted 
on  a  fixe«l  stud  and  is  provlde<l  at  the  center 
with  a  pin  which  enters  a  slot  in  a  ratchet 
bar.  The  latter  is  ff>m)ed  with  ratchet 
teeth  on  its  opposite  e<lgef«  which  are  en- 
gaged by  hooked  pawls  pivote<l  on  the 
rocking  lever.  These  pawls  are  crossed,  as 
shown,  so  that  they  will  be  kept  by  grav- 
ity in  constant  engagement  with  the  ratchet 
teeth.  Now,  when  the  lever  is  nn'kefl  the 
nawls  will  alternately  act  Ui  lift  the  ratchet 
i)ar. 

91.  A  common  con.^truction  used  for 
rotating  a  ratchet-wheel  against  a  spring 
resistance.  A  dog  mounte«l  on  a  fixed 
pivot  ilrops  by  gravity  or  by  spring  pressure 
against  the  ratchet  teeth  and  holds  the 
w-heel  from  turning  while  the  pawl  is  being 
swung  back  for  a  fresh  hold  f>n  the  ratchet- 
wheel, 

92.  This  show^s  the  method  of  rotating  an 
ordinary  s|)ur  goar-whoci  bv  means  of  a 
pawl.  The  pawl  is  provided  with  a  tooth 
at  its  outer  end  which  fits  between  the 
teeth  of  the  gear.  The  pawl  is  hinged  to 
the  lower  arm  of  the  bell-<'rank  lever 
mounted  on  the  gear  shaft.  The  operating 
levor  also  mounted  <»u  this  shaft  is  |>erinitte(l 
a  corttiin  amount  <»f  plav  between  two  pins 
on  the  shorter  arm  of  tlie  bell  crank-lever. 
A  roil  ctmnects  the  o|>erating  lever  with  fhe 
|iawl.  When  the  lever  is  raised  it  fii>t  lifts 
the  pawl  out  <»f  euKaicenient  with  the  gear, 
then,  cMtiiiiiK  in  contart  with  the  u|>per  pin 
<»n  the  bell  crank-lever,  it  move.-  the  pawl 
and  bell  crank  back  to  the  desired  po>ition. 
On  lowoiinu  the  operating  lever  the  iiawl  is 
lir>t  brought,  into  enjjajreinent  with  the  gear 
ami  theti  the  Inwer  pin  on  the  bell  crank  is 
enc<Mintcred,  aikI  tin*  irear  is  causeil  to  ro- 
tat«?.  I'hi-*  arratiKcnient  |»reveiif-<  wearing 
away  nf  t|u»  tcoth  •  n  cointnnn  <l«'fect  in  the 
(•rdinary  type  nf  latchet  mechanism. 

'J3.  Tfie  iiawl  is  kept  i?i  c«intact  witli  tlic 
ratchet-wheel  by  th<'  wcijrht  of  the  lever  on 
w'ITm'Ii  it  is  formed.  Hy  pullintr  the  ro|»c 
attuihed  to  the  etid  nf  the  lever  the  pawl 
will  be  ilrawn  out  of  ennatrement  with  the 
ratchet-wheel,  anil  tin*  latter  will  be  turned 
by  friction  of  the  rope  on  the  wheel  hub. 

01.  A  reversible  spur-ireat  r:  tcli<*t  me- 
chani-m.  Mounted  on  tlie  shaft  whi<'h 
carries  the  -pur-».'ear  i>.  a  bell  ciank-lexer. 
Thi.-  at  nne  en<l  carrii-.--  a  i|Muble-t<M>thed 
pawl.  i»ne  nf  whiidi  leelh  me-hes  with  the 
teeth  nf  the  ire;ir.  The  pawl  i.^  m»  !>h;ii  ed 
that  it  will  witlulraw-  thi'  tnnth  from  enjriipe- 
ment  with  the  gear  teeth  on  the  retiiin 
stroke  of  the  lever.  \\  hen  it  i-  doired  to 
revcr.-'e  the  «lirection  <»f  rotation,  the  pawl  is 
move<l  i»ver  to  the  ]»o>iti(Hi  «.h<»wTi  in  ilotK-fi 
lines,  bringing  it**  other  to<ith  into  engage- 
ment with  the  gear  teeth. 

0.').  The  nitchet-wh«»el  is  intennit  tentiv 
rotatetl  i>y  the  or<cillation  of  a  lever  whi<*n 
carries  a  siiring-pres^ed  pawl.     i.)n  l\\e  \\a»- 


ward   stroke   the  ratchet    is    turned  by  t.-.i 
nawl  which  is  hacketl  by  a  shoulder  oti  xta  \ 
lever.     On  the  return  stmke  a  dog  bohis  ^h" 
rat-chet- wheel  from  turning  while  the  lavj 
nnaus  past. 

96.  Ratchet  teeth  are  formed  on  a  ball 
which  reMtfl  in  a  M>cket  formed  at  the  end  of 
a  lever.  A  Bprinjc  pawl  on  thi*  lever  ea- 
gageti  the  ratenet  teeth  at  any  poitition  of 
the  lever.  Thi»  coiwt ruction  i*  u-ieful  for 
ratchet  braces  which  have  to  be  operated  ia 
inconvenient  places. 

97.  A  device  for  converting  rotary  motioe 
into  Wbrat-ory  motion.  A  Bprinje-prmwed  pin 
engages  the  teeth  of  a  revolving  crown- 
wheel ratchet,  and  U  thereby  caused  to 
vibrate. 

98.  A  device  for  converting  redpm- 
eating  motion  into  intermittent  rotarr 
motion.  The  crown-wheel  ratchet  la  inter- 
mittently rotated  by  a  reciprocating  levtr 
carrving  a  pawl  which  engages  the  ratchet 
teeth. 

99.  Internal  ratchet  uned  on  ratchet 
brace:*,  etc.  The  drill  spindle  carries  a 
number  of  spring-premed  pawls  which  bear 
against  the  internal  ratchet  teeth  fonned  in 
the  handle  of  the  brace. 

100.  Ball  ratchet  device  for  lawn  mov- 
ers^ etc.  In  the  hub  of  a  wheel  is  a  grtxn'e  in 
which  a  ball  i»  carried.  A  spring  jpresscj  thi» 
ball  down  against  a  shaft  on  which  the  wheri 
turns.  When  the  wheel  rotate*  forwanl.  tb<* 
ball  wedges  in  between  the  shaft  and  th^ 
groove,  causing  the  shaft  to  turn  with  the 
wheel.  When  the  directioxi  of  mtatioD  i> 
reversed,  the  ball  u  forced  up  agaiii5t  the 
spring,  releasing  the  shaft. 

ESCAPEMENTa 

101.  Recoil  Eaoapeiiknt. — This  l*  a  com- 
mrin  fonn  of  escapement  useil  on  clocks.  The 
pallets  carrie<l  by  the  pemiulum  are  »' 
mnunteil  that  when  a  tfK»th  of  the  escape 
wheel,  which  ij«  driven  by  the  chKik-train.  L*  ji»t 
cscai>ing  fn>m  one  of  the  pallets,  another  tiM^th 
falls  on  the  other  pallet  near  itj«  |K>int.  .V<  the 
Iiendulum  swings  on,  however,  the  tatier  fare 
of  the  f>allet  bearing  against  the  tooth  cau«e>> 
the  esca|>e  wheel  to  turn  slightly  backwanl 
.\s  the  |)endulum  swings  hack,  it  receive^  sd 
impulse  fn)m  the  c>scaf)e  wheel  which  is  greater  . 
by  re:Lxon  of  this  recoil.     The  princifwl  value 

of  the  recoil,  however,  is  to  overcome  any  un- 
evenness  in  the  pressure  exerte<l  by  the  train, 
which  might  otherwu»e  stop  the  ch»ck". 

102.  nKAi>-BKAT  Ertapement.-  A  f«»nn  i«f 
I  esca|)ement  u.'*e<l  on  the  best  clocks.  The  teeth 
j  of  t  ho  es(^a;)e  wheel  fall  *  Mead  * '  u|Mtn  the  i>al- 
'   lets,  that  is,  the  pallets  are  so  cut  that  a^  the 

l>en<luluin  continues  to  swing  they  slide  *^n 
the  teeth  witlumt    turning  the  esca|>e  wheel 

'    ba<'k ward.     The  emls  of  the  pallets  are  forme** 

■  with  inclineil  faces,  terme<l  *'impidse  faces." 
again*^!   which  the  teeth  of  the  esca|ie  wheel 

.'  be;ir  when  giving  impulse  to  the  jiemlulum. 
The  value  of  this  escai»emcnt  lies  m  the  fart 
th:«t  it  iriv«»s  a  very  even  beat  of  the  itemlulum 

I  even  when  there  is  a  slight  variati«»n  in  the 
fon-e  exert e«l  bv  the  clock  train. 

UM.  I.ivi.n  r^cAPEiiKNT. — This  is  an  es- 
caiietnent  UM^d  on  watches.  The  anchor  <« 
which  the  pallets  arc  carried  is  iwcure<l  to  a 
lever,  formed  with  a  notch  in  one  en<l.  Thi"* 
notch  i-  ensage^l  by  a  pin  on  the  arbor  of  the 
balance  wlieel.  The  teeth  t)f  the  escape  wheel 
w\x<in\^vt'\N-  \>»^x  «i;9Si.\Ty»\.  Om  Inclined  faces  of 
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the  pallet 8  and  OMdllate  the  lever,  which  turns 
the  balance  wheel  alternately  in  oppoMite 
directions. 

104.  Vkroe  fclscAPEMKNT. — A  form  of  es- 
capement ujfted  in  old-fushiune<l  watcher.  The 
escai^e  wheel  in  a  crown  wheel,  and  \t»  teeth, 
on  (>p|N>site  Hiflc.'<,  arc  cnicafi^eti  by  two  pallets, 
carrieil  < m  t he  shaft  of  the  balance  wheel.  The 
eAcai>cnient  teeth,  acting  alternately  on  the 
I>sdlets,  lift  and  clear  them,  thus  rocking  the 
Hhaft  anil  balance  wheel,  which  govenu»  the 
frequency  of  the  cscai)e. 

105.  Stak  Wheel  Ebcapemknt. — The  es- 
cape hu^«  but  few  teeth  and  it*,  therefore,  called 
a  star  wheel.  The  pallets  act  on  teeth  that 
lie  diametrically  oi>iM>site  each  other.  This 
cscu|)einent  has  a  dcad-bont  action. 

IfHi.  Crown  Tooth  Fjsi'Afement. — An  old 
form  of  recoil  eHca|>cment,  in  which  a  crown 
e^^^uI)C  wheel  b»  used.  The  pallets  arc  mount- 
eil  to  engage  (>p|K)stt-e  sides  of  the  wheeL  This 
ty[>c  is  objectionable,  owing  to  the  fact  that 
the  pendulum  mast  oscillate  through  a  very 
wide  angle  in  order  to  i)crmit  the  teeth  to 
es(*a|)e  from  the  pallets,  which  requires  a 
greater  pre-^ure  in  the  clock-train  and  heavier 
parts  and  pnMluce*<  greater  friction  on  the 
pallets. 

107.  Lantkkn  Wheel  Fj»<'apemknt. — An 
old-fashi<»iUHl  tyiMJ  of  c^caiicment,  in  which 
the  esrajK?  wheel  is  a  lantern  wheel,  and  the 
pallets  arc  twi)  plates  set  at  angles  on  u  rock- 
ing arm. 

10^.  PiN-WHKKL  L8<apement. — A  dcod- 
l>eat  eM-:i|>cmeiit  UA>ed  in  many  of  the  l>est 
turret  cl«>ck>.  The  escape  wheel  i>  fonned 
with  pin^  which  dro|)  on  to  the  "dcjid"  faros 
of  the  pallets,  but  give  impulses  to  the  i»cn- 
dulum  by  sliding  off  the  incline<l  "impulse" 
face>  of  the  pallet**.  It  i-  foun<i  l»cst  in  prac- 
tice t<i  cut  the  **<lea<r'  faces  so  as  to  give  a 
very  >light  recoil. 

KM).  Olo-fawhionki)  Chown  Wheel  K«- 
CAi'EMKNT.  -Thi-«,  in  up|>carance,  i.-  quite  sim- 
ilar to  the  cscai>ement  shown  in  Figure  10r>. 
but  is  different  in  action.  The  inclined  faces 
of  the  te<'th,  which  are  very  long,  act  to  lift 
the  iiallet>. 

110.  II  tN< ;  Ks(  AiMAiKNT. — A  fomj  of  *  'dead- 
bent  "  e^«!ii'<'Mioiii.  The  pallets  arc  f«)rmed 
on  the  in-i>lo  of  the  lin^,  within  which  the 
c<<'ape  wh*"*'!  tui  n~. 

Ill  Mini  1  IJ.  <i|{AVirv  KsrAI'KMEN  i».—  A 
(viH*  '»l  «'-«'ai"'ineiit  in  which  the  iniiml-c  frcfm 
the  e^iape  wiie<-l  i-  nt»t  ui\en  <lirecrly  to  the 
]ieii<liiliii!i,  1)111  iliiouuii  the  niediiun  nf  two 
wrimi*-.  u-«n:tll\  the  :imm.-  «'n  which  the  pallet^* 
are  r.iiru'd  ynd  wbicji  are  :ilt«"i  iiately  lifted  by 
tlie  e-rapr  \v|iim*1  ;ind  dmppjvj  aKain-t  the  pcn- 
ijiiluiti  li^Jiiie  111  -hti\\-<  the  f«»ur-leitKe<l 
jiraxitv    e-fapeni»M)i     ii«<eij    nn    turt^-'    <-liirk.-. 

rii«^  ape  wheel  i-  fnini««l  with  l'«ur  leg-  or 

tertli.  mihI  earrii'-  ei^ht  pm?.  f<iiir  on  mn*  fare 
of  the  hub  Mild  tour  on  tlie  other.  Tlie  i>al- 
lc!t  aim^  :ire  pivote«l  n^  near  a.-  j)o-— ible  to  the 
pMJni  frmii  wlii<'h  tin-  peiuhihirn  ^wiiu:-.  The 
p.ilU't-  wliieh  ate  fornied  on  ihe:>e  aiin-  are 
at raMiri'-i  i<>  lie  one  on  dtie  ^i<U-  and  the  nther 
nn  till*  ritluT  -hie  iif  the  e-<-ape  w-hei-l.  The 
p;illet  arfn>'  -iri"  earh  pii>\ii|eil  with  a  >tnp 
pie« »'  airain-f  w  liiih  th'*  ti'i'ili  «.'f  the  e.-cape- 
iMi'Mt  will  .■•liiTiiMtek  rr-t.  In  tlie  illn-tia- 
tion.  a  tiiiifh  "f  the  f-;iin»  whi'«"l  i>  ie-liii« 
ai;ain-t  thi*  -f'lp  en  tin'  liLflit -iian<l  arrn.  .\-< 
the  pi>ndilliii:i  ^\\iii>;^  toward  the  liidit,  the 
todth  will  eiape  \i'>in  the  -top.  peiinittiiin 
thv  whrcl  fo  rt)tate  until  it  envouwVQv-  \\\« 
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stop  on  the  left-hand  arm,  at  the  same  tiiM 
a  i)in  on  the  wheel  engages  the  end  of  the 
pallet  at  the  left,  and  lifts  the  pallet  arm.  In 
the  meantime  the  right-hand  irailet  arm  sw'micf 
with  the  i)endulum  to  the  end  of  its  t^trnke. 
but  falls  with  it  on  the  return  ^tn^ke  uiiii) 
stopped  by  a  pin  on  the  escape  wheel.  It 
wilt  be  eWdent  that  the  angle  through  which 
the  pallet  arm  falls  with  the  pendulum  ir 
greater  than  tliat  through  which  it  is  lifterl  h> 
the  pendulum,  and  it  in  thli  difference  in 
travel  which  gives  imnulse  tn  the  pendulum. 
Figure  112  shows  a  double,  three-legge<l  e<- 
cat)ement  which  is  use<l  fr)r  ver>'  large  cluck.*. 
Two  three-legi^i  esc^ai^e  wheels  are  U!*e<l  with 
three  lifting  pins  held  betwc>eu  them  like  th<p 

Eins  of  a  lantern  wheel.  The  |»allets  o|teniTe 
et  ween  the  wheels.  A  stop  piece  is  place*!  on 
one  of  the  pallet  arras  for  the  forwuni  whff-i. 
and  the  other  arm  carries  a  .^^top  fur  the  mr 
wheel.  The  teeth  of  one  wheel  are  set  i;<i 
<legrees  in  advance  of  the  other.  The  action 
is  similar  to  that  of  the  f«iur-legge«i  e<ica]>e- 
ment.  A  tooth  of  the  forward  wheel  i<*  >hnwn 
resting  on  its  stop.  Wlien  tliis  l«  release*!  by 
the  swinging  T>endulura,  the  wheels  n^atr. 
lifting  the  left-hand  pallet  until  a  t«Mith  of  the 
rear  wheel  engages  its  stop.  The  right  f>allct 
arm,  however,  continufis  to  \te  lifte«l  by  thf 
pendultmi,  and  then  falls  with  it,  giving  i' 
impulse  until  arresterl  by  a  lifting  pin.  tiul^ 
to  be  lifted  again  when  the  fienduluui  relea>c- 
the  rear  wheel  from  its  stop. 

GEARIN(;. 

113.  A  means  for  changing  rectilinear  rccii- 
rocating motion  to  rotary  recii>nicnting  motion 
anil  vice  versa.  Two  intermeshing  pitiii»n» 
engage  internal  racks  foniie<l  on  opposite  Hile* 
of  a  frame. 

114.  Means  for  changing  rr»tary  motion  t" 
roctihnear  reciprocating  motiim.  A  nitatiL^ 
sector  or  pinion  forme<l  with  teeth  on  only  a 
portion  of  it,s  periphery  imparts  reciprocatirur 
motion  to  a  rack  frame  by  fir>t  engaging  ti,^ 
teeth  at  one  side  of  the  rack,  and  then  tb'' 
teeth  on  the  other  side  of  the  rack.  See  Fig- 
ure 115  for  gravity  return. 

115.  Another  met  hoi  I  of  converting  rtitary 
motion  into  rectilinear  recinrf>cating  motion. 
A  rotating  sector  engages  the  tcH^th  of  a  nu'k 
during  a  part  of  its  rotation  and  thereby  lift* 
the  rack,  but  as  soon  as  the  rack  clears  thi* 
sector  teeth,  it  drtips  by  gravity,  ready  to  1* 
lifted  no  when  it  again  encounters  the  teeth 
of  the  sector.  See  Figure  114  for  i)om-er  rr- 
turn. 

Iir»  .\  movement  designe*!  as  a  su^>stiTutr 
f<»r  a  crank.  The  rack  fnime  i.-i  forme«l  with 
internal  racks  on  opposite  sid€»s,  but  the<< 
raek'^  lie  in  ilifferent  plane^.  Two  •^i>arati' 
pinions  are  cnjpIoycMl  which  mesh  resi»e«'tively 
with  these  racKs.  The  pinions  arc  niounte; 
l(»osely  on  a  shaft,  but  carr>'  pnwl<  which  cn- 
Kage  with  ratchet  wheels  sccurc<l  to  the  !-haft. 
On  the  forward  stroke  of  the  ntck  frame  the 
piiiioiH  will  both  be  n)tatetl  hut  in  oppn^te 
direetiiuix.  However,  due  to  their  rat«*hf' 
and  pawl  ctinnection  with  the  shaft,  only  ••ih- 
pinion  turns  the  sh.ift.  (^n  the  return  strtk^ 
the  relation  of  the  pinions  will  l>e  revcr»«^: 
but  tin'  shaft  will  ccmtinue  to  rotate  in  tiif 
^.'iMie  direetion.  driven  this  time  by  the  oiht: 
jiini'in  cf  the  pair. 

lir.  Sun  and  Planet  gearing.  A  gc«t- 
wheel,  I'ailcil  the  "sun"  wheel.  n)tatingona 
V\x«:v\  cvltvvqt  A'%  cxi^jMBwi  by  a  gear  wheel  calle<! 
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the  planet  wheel,  which  revolves  about  the 
8un  wheel.  ThiH  conntruction  wa«  uu«ed  by 
Jaznen  Watt  in  one  of  hw  steam  engines  a^  a 
substitute  for  a  crank.  The  planet  wheel  wa* 
rigidly  itecureti  to  the  connecting  nnl  and  con- 
nected by  an  arm  to  the  center  of  the  nun  wheel. 
At  each  complete  revolution  of  the  planet 
wheel  about  the  oun  wheel,  the  latter  was 
cauetefl  to  n>tate  twice. 

118  and  119.  Meamt  for  converting  rotary 
motion  into  irremilar  recipr«>cal  motion.  In 
118  two  intermenhing  fpur  gean«  are  provided 
with  crank  arms  connecte<l  bv  a  working 
beam.  If  the  gears  are  of  equal  pise  the  mo- 
tion transmitte<l  to  the  nxl  secured  to  the 
working  beam  will  l>e  uniform.  If.  however, 
the  gears  are  of  different  sises,  the  motion  of 
this  n>fl  will  vary  greatly.  In  119  a  still  more 
comr>lex  movement  is  prfulucefl.  since  there 
are  three  intermeshing  gear  wheels  of  unequal 
siaes  and  two  connected  working  lieams. 

120.  Irregular  oscillatory  motion  is  given 
to  a  hinge(l  arm  by  pivoting  at  its  outer  end 
a  cam-shar)ed  gear  wheel  which  is  n>tated  by 
a  continuoa*«ly  driven  pinion.  Any  desired 
motion  of  the  arm  may  \ye  pr<Kluce<J  by  vary- 
ing the  sha|)e  of  the  cam  (cear. 

121.  Means  for  convertmg  unifcirm  n>tary 
motion  into  variable  rotarv  motion.  An 
elliptical  gear  rotates  nt  unifomi  si>ec<l  and 
driven  a  four  pinion.  The  latter  is  secured  to 
a  shaft  which  sli<les  between  the  arms  of  two 
forked  lovers.  A  spring  keeps  the  fiinion  in 
nio^h  with  the  elliptical  gear. 

122.  Means  for  converting  constant  rotary 
motion  into  intcmiittcnt  rotary  motion.  The 
driving  wheel  is  formeil  with  teeth  through  a 
portion  of  Uj*  i>eriphcry  equ:il  to  the  trK»thed 
l)eriphery  of  the  pinion.  The  latter  is  rut 
away  at  one  place  to  fit  the  plane  portion  of 
the  driving  wheel.  This  prevents  the  pinion 
from  ri>tuting  until  a  pin  on  the  wheel  .^^trikes 
a  projecting  arm  on  the  pinion  and  guide's  the 
teeth  of  the  gears  into  mesh  with  each  other. 

123.  Means  for  converting  uniform  rotary 
motion  into  variable  n)tary  motion.  A  crown 
wheel  ecrentrirally  niounte<l  is  driven  by  a 
pinion  rotating  nt  uiiifonn  s|>ee<l.  The  point 
of  entCiiKtMnont  of  the  crou'n  wheel  with  the 
pinion  varies  radially,  cau-^ing  the  wheel  to 
mtato  at  a  vnrialile  siK»ed. 

124.  The  me<'hani-ni  is  soarningcd  as  to  ini- 
j)art  planetary  inovotii«»nt  to  a  pinion.  An 
internal  gear  wheel  fornii'd  with  a  pulley 
groove  in  it?*  oeriphcry  is  inountrd  ti>  rotate 
on  a  shN've  wliich  carrio><  a  spur  gear  at  one 
end  an«l  a  i»ulley  at  the  other.  The  gear 
wheels  are  l)elte<l  to  a  driving  |>ulley  in  bu^h 
rnannor  as  to  rotate  in  opp«is>te  ilire<'tions. 
A  spur  pinion  which  Hf^  in  between  tlu«  teeth  of 
the  tw«»  Kcars  is  rotal<'d  th«Ti*l»y  on  its  own 
nxi<  and  rcvolvo-  about  \ho  rentiT  of  the  two 
goar-  at  a  soeed  wliirh  is  the  ilifTercntial  of 
the  s|>eed"!  ol  the  tw<»  Koar-. 

12.").  Ther<»n»Jtniction  h^*^o^how^l  i^  adapted 
to  pro<lure  a  ■'low  forward  niov«*nient  «if  a  rack 
with  a  <pii<'k  return.  The  nick  is  mounted  to 
slide  loniritndinally  and  is  «lriven  bya  t<K)thed 
sector.  The  latter  is  pro\  idod  with  a  >lotte«l 
arm  which  is  ongngo^l  by  a  pin  on  a  rotating 
disk.  The  forward  movt'inont  will  take  place 
while  the  pin  i-*  ]>assing  through  the  larger 
arc  •^ubtondcrl  by  the  two  dotted  radi.nl  lines 
r*hown.  aii'l  thorn  turn  while  the  ]»in  is  pass- 
ing through  the  ^inallor  arc. 

12fi.  A  means  for  ctmverting  rccvvrj»c,ai\ug 
motion  into  continuoua  rotary  m^Avotv.     \ 


doiiblfr-faced  reciprocating  rack  engain  6r« 
one  and  then  the  other  of  a  pair  of  toothed 
Hectors.  The  sectore  are  mounted  oo  a  pair 
of  shafts,  disposed  on  oppoeite  udea  of  tke 
rack.  The  shafts  carry  pinions  which  enop 
opposite  sides  of  the  central  fpear  wheel  fbe 
rotary  motion  alternately  imparted  to  the 
seotora,  is  conveyed  through  these  piniow  to 
the  gear  wheel,  each  pinion  alternately  actiof 
to  drive  the  wheel  when  its  raapective  sector 
is  in  mesh  with  the  rack,  and  then  t»  be 
driven  by  the  gear  wheel  until  its  sector  t* 
brought  again  in  mesh  with  the  rack.  Thw 
a  continuous  rotary  motion  is  produceii 

127  Mechanism  for  converting  unifi>nn 
rotary  motion  into  irregular  rotary  moti<m. 
Mounted  eccentrically  on  the  driving  »haft  15 
a  gear  wheel  which  transmits  motion  to  an- 
other gear  wheel  through  an  interme<liate 
pinion.  Pivoted  to  the  centers  of  the  tvo 
gear  wheels  are  two  links  whoee  outer  emb 
are  connected  by  a  hinge  pin  on  which  the 
pinion  rotates.  These  links  nerve  to  hold  the 
pinion  constantly  in  mesh  with  the  gears,  nu 
matter  what  the  position  of  the  eccentric  L«. 

128.  Means  for  converting  uniform  rotary 
motion  into  variable  reciprtxrating  motion.  A 
rack  frame  mounted  to  nli<ie  longitudinally  is 
driven  by  an  ecoentrie-toothe<l  sector,  the 
racks  are  place<I  at  an  angle  with  the  line  of 
movement  and  are  provide<i  with  jaww  at  each 
end  adapted  to  mesh  with  pins  pmjectinff 
alM)ve  the  face  of  the  sector.  As  the  sector 
rotates  it  transmits  a  gradually  accelerated 
lontptudinal  movement  to  the  rack  frame 
until  the  outer  pin  engages  the  jaw  at  the  enJ 
of  the  rack.  The  rack  frame  u  then  driMW 
by  this  pin  until  the  opposite  rack  is  engaged 
by  the  sector  teeth. 

129  to  132.  Mangle  Gearh.— So-calle*!  he- 
cause  of  their  use  on  mangle  machines.  129. 
The  larger  wheel  is  formed  with  a  cam  groove 
which  guides  the  pinion.  The  shaft  of  the 
latter  is  ordinarily  provided  with  a  univer^l 
joint,  which  permits  it  to  move  vertically  an'i 
thuf  keep  in  mesh  with  the  crown  teeth 
fonne<l  on  the  large  wheel.  The  pini«« 
meshes  first  with  the  outer  and  then  with  the 
inner  en<ls  of  the  teeth  on  the  larger  (ear. 
driving  the  latter  first  in  one  direction  aixi 
then  in  the  other.  130  shows  ani>ther  fonn 
of  the  same  movement.  The  pinion  move* 
radially  in  the  slot  shown  in  d«»tted  hnes,  nod 
engages  first  the  outer  and  then  the  inner  line 
of  teeth  on  the  mangle  wheel,  causing  the 
latter  to  rotate  first  in  one  direction  anil  then 
in  the  other.  131.  The  mangle  wheel  i» 
fonned  with  an  internal  gear,  and  the  pinii« 
is  guided  by  a  cam  groove.  This  constrw 
tion  and  that  shown  in  Figure  130  pnxiurf 
unifonn  motion  through  an  almost  eomi>leU 
rotation,  and  this  is  followe<l  by  a  ouick  n 
turn  due  to  the  smaller  radius  of  the  inof 
circle  of  teeth.  132.  In  this  const  ruction,  a*  ni 
that  of  Figure  129,  the  same  s|»ee<l  is  main- 
tained in  both  directions  of  rotation.  The 
mangle  wheel  in  Figure  132  is  formetl  with 
teeth  on  lM)th  faces;  the  ninion  first  engafe^ 
the  toCih  on  one  face  of  the  wheel,  and  then 
passing  thnmgh  the  opening  engages  the 
teeth  on  the  opposite  face,  thus  reversing  the 
direction  of  rotation. 

133  to  137.  Differential  Oear.  — 133.  Tvo 

worm  wheels,  one  of  which  has  more  teeth 

than  the  other,  engage  a  ^inffle  worm.     Sup- 

\utxQ  that  one  wheel  has  100  teeth  and  the 

v\\.\\ckt  Vv«k^  \^\\  >^GAiu  ^  w««rv  Qomplete  rota* 
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tion  of  the  latter  wheel  it  will  be  one  tooth 
behind  the  former  wheel,  and  at  the  end  of 
100  rotations  the  former  would  have  made  a 
complete  rotation  relative  to  the  latter.  If  the 
worm  be  cut  with  a  single  thread  it  woxild  have 
to  make  100  times  101,  or  10,100  rotations  in 
order  to  produce  this  resiilt.  This  construc- 
tion is  used  on  certain  counting  devices. 
134.  Two  bevel  gears  are  conncctetrby  a  pair 
of  small  bevel  pinions  mounte<l  in  a  frame,  as 
shown  in  the  side  elevation  1.  If  the  gear 
wheels  should  be  rotated  at  different  veloci- 
ties the  frame  would  rotate  at  the  mean  veloc- 
ity. 135.  A  rapidly  rotating  shaft  carries  a 
gear  wheel  eccentrically  mounted  thereon. 
The  latter  is  carried  along  into  engagement 
with  a  fixed  internal  gear  or  rack,  and  is  there- 
by rotated  at  a  slow  8i)eed.  136.  Two  con- 
centrically mounted  bevel  gears  of  different 
diameterH  engage  with  a  third  bevel  gear. 
The  latter  rotates  at  the  mean  of  the  velocities 
of  t  he  other  two.  1 37.  A  hollow  screw  threaded 
into  a  frame  is  formeii  with  an  internal  thread, 
of  slightly  different  pitch,  adapted  to  receive  a 
smaller  screw,  which  is  so  mounte<i  in  the 
frame  that  it  may  slide  longitudinally,  but 
cannot  rotate.  If  the  larger  screw  should 
have  ten  threads  to  the  inch,  and  the  smaller 
screw  eleven,  the  lutter  would  move  outward 
one-eleventh  part  of  an  inch  while  the  fonuer 
was  fed  inward  an  inch. 

138.  I'nifonn  rotary  motion  ronvcrted  into 
reciprocating  rectilinear  motion.  A  rack 
frame  arraiige<l  t«)  slide  longitudinally  is  en- 
gaged bv  a  toothed  sector  which  meshes  with 
the  teeth  on  one  Hide  of  the  rack  to  drive  the 
frame  forward,  and  then  with  the  teeth  on 
the  other  side  to  drive  tlie  frame  back. 

139.  Variable  speed  gear  for  pro<lucing  fast 
an<l  slow  motion.  It  comprises  two  pairs  of 
toothed  sectors  so  arrange<l  as  to  properly 
me>h  with  each  other.  The  <lriving  gear 
shown  at  the  right  is  provided  with  two  arms 
which  carry  studs  at  their  outer  ends.  These 
studs  lie  below  the  lower  face  of  the  gears  and 
engage  stucN  fonne<l  on  the  lower  face  of  the 
driven  gear,  as  sliown  in  dotted  lines,  thus 
guiding  the  wheels  after  one  i)air  of  sectors 
have  moved  out  of  mesh  and  before  the  other 
pair  have  come  into  mesh  with  each  other. 

140.  Mechanism  for  proiJiK-ing  increased  or 
decreased  si)ced  on  the  same  line  of  shafting. 
A  fixed  be\el  near  wheel.  A,  meshes  with  two 
bevel  gear  whoc]>.  }i,  which  in  turn  ine.-h 
with  a  pinion,  A',  carried  on  the  rij^ht-hand 
shaft.  The  bevel  wheels,  /i,  are  m(»uiited  in 
a  bracket  which  turns  freely  on  the  shaft  of 
|»ini(>n.  A'.  Kach  wheel,  li,  carries  a  |>ini«iii, 
C,  whi'h  me>[ies  with  a  bevel  gear  wheel,  I>, 
carried  by  the  left-haii«l  '^haft.  The  change 
of  sj)eed  from  «>ne  -haft  to  the  other  is  due 
to  tiie  planetary  movement  of  the  wheels,  H 
and  (\  When  the  multiple  of  the  teeth  in  .t 
and  (^  exceeds  that  of  li  and  D  the  shafts 
will  rotate  in  opposite  directions. 

CAMS    AND    CAM     MOVEMKNTrf. 

141  and  142.  (!'yi.ini>kr  or  Dhim  Cams. — 
In  Figure  141a  groove  is  formed  m  the  curved 
face  of  a  cylinder  or  drum.  \  roller  on  the 
en<l  of  a  pivoteil  arm  fits  into  this  groove. 
As  the  drum  rotates  the  arm  will  be  swung  to 
various  |>ositions,  guide<l  by  tiie  croove  in  the 
<"am.  In  Fieure  I4J  the  r«»ller  bear^  against 
the  rim  of  the  j'vlinder.  which  is  made  of  *.u<'h 
sha|>e  as  to  give  the  desire<l  motion  to  the 
*ever.     In  this  fonn  of  cam,  while  the  roller 


is  positively  moved  down  by  the  cam  rim,  it 
is  raised  up  h^  a  spring  on  the  lever,  which 
tends  to  bold  it  constantly  aisatnst  the  cam. 
In  the  first  tjrpe  of  cam  the  motion  is  positive 
in  both  directions. 

143.  Beveled  Cam. — This  form  of  cam  is 
used  to  give  motion  to  a  lever  whooe  axis  lia 
at  an  angle  with  the  cam-shaft.  The  cam  i» 
of  conical  form  with  curved  edges  against 
which  the  lever  bears.  In  our  illustration  we 
have  shown  a  sliding  rod  in  place  of  a  rockinc 
lever.  The  conical  face,  it  wiU  readilv  be 
seen,  must  lie  parallel  with  the  plane  of  the 
rod. 

144.  Face  Cam. — The  cam  groove  w  cut  in 
the  face  of  a  disk,  and  this  on  being  rotate<l 
guides  the  movement  of  the  rocking  lever 
which  carries  a  roller  that  enters  this  groove. 

^  145.  Clover-leaf  Cam. — This  is  a  form  vl 
disk  cam  which  gives  a  positive  drive  to  a 
sliding  lever.  The  cam  acts  between  two 
rollers  on  the  lever,  and  is  so  cut  as  in  exactly 
fill  the  space  between  these  rollers  at  all  times. 

146.  Heart  Cam. — Another  form  of  dL-k 
cam.  This  is  so  cut  as  to  give  imiform  recti- 
linear motion  to  a  sliding  rod  which  bear^ 
against  its  edge.  To  lay  out  this  cam,  divide 
the  desired  line  of  travel  of  the  rod  into  any 
convenient  number  of  equal  spacer,  starting 
from  the  center  of  the  roller,  an<l  from  the 
center  of  the  cam  describe  arcs  passin*.  thmugh 
the  dividing  points.  Twice  the  niin?.ber  of 
radial  lines  should  be  laid  off  from  the  center 
of  the  earn,  the  lines  being  equally  spaee<l  an- 
gularly. The  successive  points  of  intersec- 
tion of  the  radial  lines  and  the  arcs  will  then 
mark  the  centers  for  a  series  of  arcs  with  radii 
etpiivalent  to  the  radius  of  the  roller.  The 
curve  drawn  tangent  to  these  arcs  will  then 
mark  the  outline  of  the  cam. 

147.  Means  are  here  shown  for  converting 
rotary  motion  into  alternating  reciprocating 
motion  of  two  rods.  The  rods  are  attached 
to  pivote<l  levers  carr^'ing  rollers  which  bear 
against  the  edges  of  two  oval  disk  cams 
mount e<i  on  a  rotating  shaft. 

145.  Rotary  motitm  is  here  converted  into 
variable  rectilinear  motion.  The  end  of  a 
sliding  lever  rests  on  the  irregular  eilge  of  a 
disk  cam,  and  in  there  by  caused  to  move  up 
and  down  following  the  irregularities  of  the 
cam.  The  cam  shown  gives  three  recipro- 
cations of  the  rml  for  each  rotation  of  the  cam 
shaft. 

14*>.  Means  for  converting  rotary  motion  of 
a  shaft  into  rocking  motion  of  a  lever.  The 
lever  is  caused  to  n»ck  by  a  cam  with  an  ob- 
li<pie  face  on  which  the  roller  of  the  lever 
bears.  This  is  n  mmiification  of  the  motion 
shown  in  Figure  142. 

!.')().  Means  for  converting  rocking  motion 
of  a  shaft  into  uniform  rectilinear  motion  of  a 
rod.  The  rod,  which  is  mountetl  to  .«»lide  in 
bearings,  carries  a  pin  which  engages  a  slot  in 
the  cam  on  the  rocking  shaft.  The  cam  slot 
is  so  cut  .as  to  give  uniform  motion  to  the  rod. 

151.  Continuous  nUary  motion  of  a  shaft  is 
here  converted  into  intermittent  reciprcx^ting 
motion  of  a  slide.  A  cam  lever  hinged  at  its 
lower  end  to  a  fixetl  point  is  connected  by  a 
uhI  at  its  upper  end,  to  the  slide.  A  crank 
anu  on  the  rotating  shaft  carries  a  pin  which 
enters  a  curved  slot  in  the  cam  lever.  The 
crank  arm  causes  the  lever  to  rock,  carrying 
the  slide  with  it.  The  cam  slot  should  form 
an  arc  with  a  radius  equal  to  that  of  the  crank 
arm,  so  that  while  the  crank  pin  is  passing 
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throuffh  thin  arc  the  ^Itde  will  remain  8tation- 
ary.  Thia  motion  is  UMe<i  on  certain  tyt)ei»  of 
newinfc  machines  ami  printing  lite^ne^. 

152.  Tlie  tyi>e  of  cam  a-ned  on  the  neeille 
bam  of  .Mome  {lewinR  machines.  A  pin  on  a 
rotating  *\\i*k  enRnffcs  a  nlot  in  a  cam  yoke  on 
the  nee<lle  bar.  Tliij*  slot  is  forme<l  with  a 
curve  at  one  place,  which  holcln  the  bar  sta- 
tionary, while  the  pin  is  passinR  through  it. 
Tlus  causes  the  needle  to  stop  while  the  (shut- 
tle pasj<os. 

^  153.  This  cam  motion  «liffers  from  that  of 
FijTure  152.  in  that  it  causes  the  sliding  bar  to 
stop  midway  of  it.x  upwanl  stroke  and  miflway 
of  its  downwnnl  .-tn»ke.  The  cam  slot  com- 
prises two  parallel  secti<ins  c«nnecte<l  by  two 
curve<i  se<*tions.  While  the  pin  on  the  n>tat- 
mg  disk  passes  throuffh  the  cur\'e4l  sections 
the  bar  is  held  stationary. 

154.  The  cam  here  "hown  causes  the  sliding 
bar  to  stop  nt  the  end  of  each  stroke.  The 
cam  is  trmnicular,  with  curve<i  faces,  and 
rotates  between  the  two  parullcl  working 
faces  of  a  cam  frame  on  t  he  sliding  bar.  While 
the  rmter  face  of  the  cam  engajces  the  frame 
the  bar  is  held  stationary.  This  is  a  form  of 
cam  motion  iu«ed  in  place  of  an  eccentric  for 
o|>erating  the  valve  of  a  certain  French  engine. 

155.  A  peculiar  variable  intermittent  mo- 
tion of  the  sliding  rod  is  given  by  the  planetary 
action  of  a  cam  mounte*!  on  a  rotating  disk. 
The  cam  shaft  pastes  thmugh  the  disk  and 
carries  a  pinion  which  in«»shes  with  a  station- 
ary internal  genr  wheel. 

15(i.  \  rectanguhir  motion  is  imparted  to 
the  cam  frame  by  two  triangular  curve*!  cams 
mountc«l  on  a  rotating  •'haft.  The  frame  is 
mounte<l  to  >li<lo  laterally  in  bearings,  which 
in  turn  are  pennitted  t«»  MlJile  verti«'ally  in 
gnxives  on  two  stationary  sup|M)rts.  The 
fmme  is  made  up  of  two  horizontal  rails  on 
which  one  of  the  cams  act>,  and  two  vertical 
rails  on  which  the  <»ther  cam  a<'ts  The  iUus- 
tration  slu)W«s  the  frame  about  to  l>e  moved 
flownward  bv  the  f<irward  cam  acting  «>n  the 
Uiwer  rail  wliile  the  rear  cam  pn'veiits  any 
lateral  intivcrnent.  <  )n  the  next  quarter  rota- 
tion of  the  r;ini  -liaft-  a  laiiTal  movenient  will 
ensin*,  iliie  to  tlie  n^ar  cam  a<'ting  on  the  right- 
hand  vciiif.Ml  r:iil.  .\t  the  -anie  time  the  for- 
ward rani  will  hold  tlie  fr.inie  again-t  vertical 
nio\einiMil.  Dmiiii;  the  third  quarter  of  the 
rotation  tin"  frann'  will  Iw  lifte«l.  and  during 
the  l:i-'t  fjuartiT  it  will  Immmovc^I  ba«*k  laterally 
to  tin*  po'itinij  illii<tr:itc<{.  If  the  cam**  are 
Ixith  of  the  -aine  -izi'.  tho  motion  of  the  frame 
will  tnire  :i  perferl  -^quiirf. 

I.'i7.  Mean-j  for  fon\ertinK  lotary  motion 
into  vihr:iting  tnoiion.  .\  forked  lever  en- 
gagi"^  o|iposite  e<it2es  nf  a  ili«-k  <"ain.  and  i" 
thereby  caused  to  vil irate.  This  ram.  .is  that 
in  liiruH'  14"),  i*^  ^n  nit  fh:tt  it>-  opiio^iti'  edges 
an?  rxerywhen*  i'qui'lr-t;mt  when  niea-ured 
throuKh  the  «'enter,  l^ir  thi-  rrre-oti  it  i«<  nb- 
viou-  that  -mh  a  cani  nni-t  always  be  out 
with  an  odij  ninnber  of  |M'ii.<<M-tion><. 

l.'j*».  A  nventlv  p;it«'iite.|  iiierhani->in  f«»r 
imparting  pnWf'r  to  tin*  -la-^lH'r  >h:ilt  of  a 
churn.  A  roiking  mo\  tin'iit  i^  imparted  to 
the  ~haft  from  a  ri>t:itinL 'miu.  At  th(>  upper 
fwi  of  the  -h:ifi  i-«  a  forkeil  j»i<M'i»  or  tulhiwer 
mounted  to  turn  in  ;i  ^of■k•■l  at  ru;h-  :iturl»  to 
thi"  a\i-  of  th»'  -haft.  TIm'  f"ll'i\v»»r  fiur.'i^'o- 
a  >-|ilitM'  I'M  thi-  i-.'itn  :in<l  i~  th<'r'i-lt\-  t;uiiled 
fir-t  to  oni*  *-ii|e.  and  ih»*n  to  the  f)ther  of  the 
CAm,  rocking  the  ahuli  on  its  axis. 


150.  Trammel  Qear. — A  recipmcatini^ move- 
ment of  the  rod  is  pnNluce<l  by  tlie  rotatiimnf 
a  shaft,  and  vicever9a.  Pivoted  to  the  rr^j 
are  two  blocks  which  pli<lo  resitectively  in  tin> 
slutH  in  the  face  of  the  disk  which  m^ 
each  other  at  right  angles.  This  movemffit 
was  patent e<l  seventy  yean*  ago,  but  is  cnn- 
stantly  l)eing  reinvent e<l  as  a  subi*titute  fitr 
the  crank. 

KM).  Mechanism  for  converting  rotary  m^ 
tion  into  reciprocatinn  motion.  This  is  a  r<HU- 
xnim  form  of  eccentric  use<l  on  steam  engine*, 
etc.,  for  communicating  a  reciprocatins  mo- 
tion to  the  valves  fntm  the  crank  hhaft.  Thr 
rod  is  provide* I  with  a  circular  strap  which  L* 
bolted  over  a  disk  or  ring  eccentrically 
mounted  on  the  crank  shaft- 

ir>l.  This  form  of  eccentric  is  similar  tn  that 
shown  in  Figure  100.  but  an  oval  cam  franif 
or  yoke  is  used  in  place  of  a  circular  strap,  .-•i 
as  to  produce  a  rectilinear  reciprorating  niovr- 
ment  of  the  ro<l  This  form  <^f  eccentric  art* 
directly  on  the  valve  rod  which  travels  be- 
tween fixe«l  guides. 

102.  Spiral  (?am  for  converting  n>tary  mo- 
tion into  reciprocating  motion.  The  cam  i* 
formed  with  a  flange  or  spline,  disiMiseil  ^'i- 
rally  on  the  curved  face  of  the  wheel.  Th^ 
spline  engages  a  noteh  in  a  nxl  and  gives  the 
latter  a  reciprocating  movement  when  the 
cam  is  n>tate<l. 

10.3.  Elliptical  Crank.— Two  cranks  are 
connecto<l  with  a  simple  pitman,  the  outer  one. 
through  a  connect  nig  hnk.  The  circubr 
movement  of  the  inner  crank  cause>  the  <»uter 
end  of  the  pitman  to  move  in  an  elliptictl 
orbit,  thereby  increasing  its  leverage  at  cer- 
tain points. 

104.  A  device  for  gripping  a  )>ar  or  cable. 
The  bar  travels  l>etween  a  fixe<I  piide  and  the 
cam-shai>e<l  head  of  a  lever.  y\  hen  the  lever 
is  thrown  up,  friction  of  the  bar  on  the  cam 
temis  to  rotate  the  latter  until  it  become^ 
werlge<l  l)etween  the  cam  and  the  fixe<i  gui-le 

H>5.  Ix^ver  Toggle-jiiint. — .\  device  c^ini- 
monly  use«l  on  let ter-j>re?»ses.  <  >ne  of  the  t»-^ 
connected!  arms  is  pivoted  to  the  )>laten  -f 
the  press  and  the  other  is  hinge<i  to  a  tixei 
standard.  By  lifting  the  lever  on  one  of  the 
toggle  anus  the  arms  will  lie  brought  int«i  ver- 
tical alignment  with  each  other.  pnNlucing  a 
pt>werful  pressure  on  the  platen. 

l»i»i.  Screw  Toggle  Press.-  Two  tt»ggleami-' 
are  hinged  to  the  letter-press  and  «t  their 
outer  ends  are  hinge<i  to  nuts  on  the  fpe<l 
sernw.  The  .-crew  is  rut  with  right-  anil  left- 
han<l  threads  so  that  when  tiirneii  in  ojient- 
tive  <lirection  it  will  dniw  the  anns  ti>w.^rl 
each  other  ami  press  the  platen  downwar>i. 

H»7.  lii'll  Crank  T<k»  l^evers.  -Two  lell 
crank  levers  are  provideil  with  projecting  t**^ 
which  bear  against  each  other  When  <»ne  *'i 
these  levers  i?.  swung  im  a  center  it  cau>es  the 
other  to  swing  also,  but  at  a  variable  .*i>ee.l. 
due  to  the  var>'ing  leverage.  This  n.ech.H- 
ni'tn  is  used  for  a  ty|>e  of  valve  gear. 

biV  Wifier  Cam. — j\  tyi>e  of  cam  ilsc«I  i»ii 
certain  <tamp  mills  to  lift  the  hammer.  The 
ram  l>eMr«  :igainst  a  flangeii  collar  on  the  h.ini- 
ini*r '•pindle,  which  |»ennits  the  latter  to  mtute. 

MIS(  KLLANKOrS  MOVEMKNTS. 

I'-'t.  |)e\i<'e  for  transmitting  recipri>catinc 
111!  it  ion  tioiii  one  pair  of  hmIs  to  another  pair 
Ivnii:  :it  riirht  .-ingles  thereto.  The  nxlj«  are 
all  tiiiiai>iii-l  liy  links  so  that  when  two  oi:>- 
Vo>«d  Trvds  wre  moved  inward  or  toward  each 
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other,  the  other  two  rotis  will  be  mo\'e<J  out- 
ward, and  rice  veraa.  Also  if  two  adjacent 
itmIs  he  moved  the  one  outward,  an<i  the 
other  inward, the  oiipo*tite  rods  will  l>e  moved 
one  out  wan  1  and  the  other  inward  reHi>ec- 
tively. 

170.  Means  for  converting  rotar>'  into  recif)- 
n>catinK  motion.  A  l)ont  <ihuft  carrie:*  at  its 
outer  end  an  arm  which  is  loosely  mounted 
thereon.  The  lower  en<l  of  thi;*  arm  eiigaRes 
a  slot  in  u  bar  which  is  mounted  to  slide  in 
suitable  guides.  A.**  the  l>ent  shaft  rritaten, 
the  arm  which  is  prevented  fmra  rotating 
with  the  Hhaft  is  given  a  rocking  movement 
in  the  direction  of  its  axi;(,  and  thus  imparts 
a  reciprocating  movement  to  the  bar. 

171.  Movement  used  on  hand  stami>f>.  The 
plate  which  carries*  the  tyi>e  norunilly  lies  face 
upward  against  an  ink  j>ad,  und  is  formed  with 
a  flange  at  each  end  m  which  cam  slots  are 
cut.  The  tyi>e  plate  is  oi voted  in  a  yoke 
piece  to  which  the  hamile  is  se<*ure<i,  the 
pivot  pin-4  i>us.sing  through  iilots  in  the  up- 
rights of  the  frame.  When  the  handle  is 
depressed,  the  tyi)e  plate  is  carrictl  tjown- 
ward  an<l  at  the  same  time  rotated  by  engage- 
ment with  two  oins  which  oiterate  in  the  cam 
slots  so  that  the  type  will  face  downward 
when  bniught  into  contact  with  the  }>a|>er. 
The  parts  are  returned  to  normal  po.<ition  by 
a  spring  on  release  of  the  handle. 

172.  A  peculiar  device  for  alternately  rock- 
ing a  pair  of  levers  by  means  of  a  rei'iprocating 
Tixl.  The  r«Ml  carries  a  bell  crank  lever,  .4. 
This  lever  is  normally  held  in  the  position 
illu>t rated  by  two  piiL«  against  which  it  is 
])res>ed  by  the  spring-pressed  rod.  Two  I  ►ell 
crank  lover.-.  B  and  (',  connected  by  a  bar, 
are  hinged  adjacent  to  the  rod.  With  the 
parts  in  the  |Hi>ition  illustrated,  when  the 
rod  is  drawn  forwanl,  one  ana  of  the  l>cll 
crank.  A,  will  engage  a  |)in  nt  the  end  of 
lever,  B,  and  will  Ih'  thereby  turned  until  it 
engages  a  stop  i>iece,  I>.  on  the  rod.  after 
which  it  will  operate  to  swii]g  U'll  crank,  B, 
on  its  axis.  Owing  to  the  connection  be- 
tween the  levers  li  aii<l  (.',  the  latter  will  also 
Ih?  s\.nr»g  but  in  the  opposite  rlircction.  On 
return  «if  the  nid  the  bell  rrank  U'ver,  ^4,  is 
brought  to  noririiil  [•M-.itinn  by  the  two  jiosi- 
tion  pins,  fuel  \\Ii«mi  ne\f  tlie  rr>d  is  drawn 
foiwanl,  the  "ither  arm  <»!  U-ver  .4  will  engage 
a  pin  on  lever  (',  retutiiint'  Ixith  lever-  H  ami 
C  to  tlieir  iiiitiiiial  jm-it  idu-, 

V.i.  MeehriTiirni  fi-r  trati.<niirtimc  Hilary 
nioti'in  at  iiicie:i~e>l  -iieed  from  ««ne  "-haft  tn 
aimther  in  aliiniment  tJjoiewith.  The  lower 
«ir  <iri\  ititr  •'halt  cairies  a  i-rown  vvhi-el  at  it;* 
ui»pereii'l  which  i- eturaue-l  li>a  "^cimmi'I  cinwn 
whiM  I  having  urii\er-al  joint  eonjiiMt  ion  with 
a  •'ta!ioii;ir>"  central  |to~t.  'I'he  l:itter  i>-  snp- 
p<»r'»-|  I'rom  the  tr;inm  liyeri'<«-  ann-.whi«h 
aie  a'la|''e(j  to  e[ii!;iL;e -l<.>t ^  cut  in  the  «<•<  dikI 
cro\\  ti  wheel,  and  thii"  pie\enf  (he  wheel 
frmri  rmatinj.'.  The  uiiw:iiiii\  proj'*'' i'i»r  frMiue 
of  the  -^eionil  crown  wheel  i'  r-oiiii<M't«-<|  to  a 
wheel  oil  the  inipei  -hatt.  but  ei-centiie  there- 
to, by  m»'aii-  of  a  ball-and  "-oeket  joint.  'I  he 
driven  <iown  whei'l  is  thu-  tilti-il  >o  ;is  to 
envrane  the  tetfh  of  the  «l!•i^i^lI  wheel.  As 
till'  lattei  lot'iii'-  (he  ■Iriveii  wheel  i»  givt-n  a 
roekinu  fir  wol.Minir  ninvemetit.  whifh  rotates 
the  upper  -haft.  A  -light  movctnent  of  tin* 
lower  •'haff  tlm-  i-r-'ilur*--.  n  eumph-te  rota- 
ti<in  of  the  ui'pei-  -jinft . 

171.  A  'levj'-e  iiir  eoii\<-riiiiir  rci-iprorating 
"v/arv  niof  io/i  aiii]  r<<<  nritit.     Tw<iii\teT- 


I 


meshing  gear  wbeelfl  are  provided  with  spring 
pawls  oppositely  <iispoBed  on  the  gears-,  and 
adaptetl  alternately  to  snap  into  engaceuient 
with  a  lug  on  a  reciprocating  nxl  and  thereby 
impart  rotary  motion  to  the  gears. 

175.  A  device  for  spacing  apart  a  niunl:>er 
of  bars.  The  bars  are  arranged  to  slide  witb 
a  certain  amount  of  friction  between  guide 
pieces.  Normally  they  are  crowdetl  together 
in  a  group  by  a  pair  of  coil  springs.  A  |>.Hir 
of  rotating  spur  wheels  whose  teeth  engsige 
the  pointe<l  ends  of  the  bars  are  mounted  on 
either  side  to  slide  vertically  in  suitable  guide- 
ways.  The  vertical  movement  of  the  gear* 
carries  the  l)ars  downward  against  the.^prinp 
and  the  slow  n>tary  movement  of  the  gear) 
succe>.«ively  releases  the  bars  at  regular  inter- 
valr<.  The  bars  remain  where  release*  1.  l^einK 
held  by  factional  engagement  with  the  guiile 
pieces. 

170.  An  e^rly  form  of  flexible  shaft  couf>- 
ling.  One  of  the  shafts  is  fwiinted  and  fits 
into  a  socket  in  the  other  shaft.  Flach  shaft 
carries  a  collar  and  these  are  connected  by  a 
flat  spiral  spring. 

177.  (^entrifiu^  hammer.  Two  ham- 
mers are  hinged  on  a  rapidly  revolving  di>k. 
-■Vs  the  di.sk  revolves,  these  naminers  are  al- 
ternately swung  by  the  adde<l  force  of  gravity 
and  of  centrifugal  action,  on  to  the  unvil.  \ 
very  iK>werful  stn>ke  is  thus  given. 

IjS.  a  device  for  communicating  recipnv 
eating  motion  of  an  engine  to  a  ri)tating  crank 
in  such  manner  that  the  crank  will  have  a. 
greater  throw  than  the  stroke  of  the  engine 
crosshead.  The  connecting  rod  acts  <in  the 
crank  shaft  through  a  "lazy  tongs''  which 
multiplies  the  stroke  and  affonb  a  better 
leverage  ui»on  the  same. 

170.  A  device  for  pnxlucing  two  rotation** 
of  the  crank  shaft  of  an  engine  at  each  coni- 

t>lete  (forward  and  return)  stroke  of  the  cros— 
lead.  The  cri>s.«head  of  the  engine  i.«  con- 
nected by  a  nxl  to  a  pair  of  connecte<l  levers, 
one  of  which  is  pivoted  on  a  fixed  pin  and  the 
other  to  the  working  beam.  C>wing  to  the 
toggle  action  of  the  levers  the  working  l»eam 
vnW  ri.se  and  fall  twice  while  the  crn>f.head 
move.s  to  its  outer  rK»sition  and  retum.s. 

ISO.  A  ilevice  for  converting  rocking  move- 
metit  into  rectilinear  reciprocating  movement, 
usually  called  *  'parallel ' '  motion.  Two  hnks 
pivoted  on  the  fixetl  pin  A  connect  at  their 
outer  ends  with  two  links  pivoted  on  a  n  k1  at  If, 
The  latter  links  are  also  connecte<l  to  a  i>air  of 
links  pivoted  to  a  rock  arm  C.  The  dis- 
tance between  .4  and  ft,  the  fixed  pi\ot  of 
the  roek  ann,  is  equal  to  the  <li>tance  l>e- 
tweon  H  and  C.  Owing  to  the  fact  that  the 
flouble  link-quadrangle  swings  on  two  pivots, 
it  will  be  lengthened  when  swung  out  of  the 
vortical  position,  thus  giving  a  rectilinear 
inotiiMi  to  the  rod  /).  This  movement  i- 
ealled  "Peauiellier's'*  parallel  mi >tion.  It  is 
U'cd  to  give  rei'tilinear  movement  to  a  pump 
rod  or  to  the  p;>-ton  rod  of  an  engine. 

IM.  Another  ilcvice  for  producing  recti- 
linear iiKivcmcnt  <if  a  pump  nxl.  The  nnl. 
instead  of  beimr  ilirectly  connecte<l  to  the 
w" irking  l>cam  of  an  engine,  is  connect e«l 
theieto  bv  er(».s  links.  This  motion.  hi>w- 
ever.  i-  Tiot  a  true  "parallel  motion,"  but 
the  rofl  i«  -traine-l  by  cro.v*  connection 

l*»Jti»  1^1.  l>,.\ire<  fi»r  overconung  "dead" 
ectjt»T,  ..{  riMtik*-.  In  FiKure  l.'^2  the  pitman 
i-  roiirie<  tel  to  one  end  of  a  leaf  spring.  wht»sc 
\^t \\VT  <f v\v\  \>  V « A\\\vv\^j A  \ VN  \Vi!«i  ^t^txk  di<«k.    The 
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the  cnnnKlion  ot  the  npi 
line  >^  centm,  tbii  K|inn 


wUl  be  tha  rm-eM  .i[  ili»i  jiu(  JeMribttl.     in 
to  (ha  ByohMl  ml  imi 


«U(la  iin  lb  diinnal  kIkIii  uiil  ih«  piinikn  irill 
thtu  carry  UMI  nut  i>t  the  ileail  center.     The 

SMB  wiirtheu  berelume.1  tomffmaliHwiliiin 
J  a  iLirins.  The  Jevlce  Khavn  in  \M  is 
Bperially  Bpiiliesble  In  muhine*  opemeii  by 
traBillen.  AltBched  In  the  iiilmen  i>  ■  pisloD 
«r1inK  in  n  eylin'ler  invotnl  to  Ifae  ruJ  nn 
which  the  treadle  i*  hinn<l.  Wllhin  the 
cyliniler  an   (wo  coil  »|irtne»   whirh  alter- 


190.  Ueuu  lor  (ivine  parallel  moremuil  to 
the  paddle*  of  atcuDbaat*,  ate.  The  powti 
abaft  carriaB  a  diiit  which  is  connected  by  a 
Mrise  of  hinced  linkn  with  »  riu  faald  eenn- 
tricaily  to  the  ihaftt  between  pure  of  roUcn, 
The  paddlea  arc  aKubed  (a  the  link*  and  an 
thereby  Icept  paraLlet,  while  the  dl»k  aed  rina 


one  nhaft  to  another  at  decntawd  velncity. 
The  devire  is  here  ahown  diapmnmaticaJlf^ 

which  spar  (Bani  B  and  C  an  filled  lo  tun 
freely.  The  latter  are  permanenlly  Hriaed 
tflseihar.  Wheal  B  merhet  with  internal  gm 
D,  on  the  flriven  *ha(t.  and  wbeel  C  ae-hm 
witli  the  stationary  Intamal  caarf.     Inofiar- 


E,  tharab)'  Cftuidns 


'h" 


Rear   B  will   be  revok-ed  1^ 


ID  the  oppoaile  direciion  by  (be  cear  C  lo 
whidi  it  le  atlarhed.  ihui  Okunnc  t£a  ((ar  D 
to  move  at  a  reduced  speed. 

IBl  to  IIW.     Hitt^BCAHiNo  Devicn.— Id 


nal  spur  Bear,  namely.  IhW  nf  grrjiler  ulrenph 
due  lo  tSe  fact  Ihal  the  aren  ..t  cimlact  be- 

areawil.  The  wotm  whnl  iv  made  up  ol  two 
hdldW  iWFliiiiia.  rlamiieil  iciRether.  I>it(  no 
Hpared  an  lo  form  a  hlnl  in  Ihe  rim  through 
which  iho  iiittui  r-bnll  paMei-. 

IM7,  MpanH  (iir  ronvrrliiiK  ni(»ry  motion 


leel  bearing  nurfare. 

..^e'tfrea'i'SVlhe  woni.  — - 
teelh  ot  the  wotm  wheel,  but 


wheel  bearing  nurfare.  '  106  ■how  Ihe  nme 
The  thread  ><t  the  wonii  doe*  not  enga^  lb* 


'if  iu>i>arial  lo  tha  rcvk  nhafl.     The 

una  eHe.'!  mav  lie  i.ro.lui'e.1  by  u-ins  a  »n- 
le  linwl  ram  (iv  Iba  two  rollers,  but  '|«<'in|( 


gnr.  thelalirr  mcaowil  lo  slowly  n>in 
in  Fimir*  1*11.  «  very  alnmii  ninhlriii-l 
powerful    traiinmiMiiHi    Ik   nfforilni    I 

LIB.  A  »li<lin«  tiiiodr   miivenwnt 

ti^t  rij'it"i.ll«l^  ■7i'lial'^d"l[re"l, 


rnlolCil  fin.1  in  one  .lirecti.ai,  and  then  in  Ihe 

IW.  This  i^■  anolfaer  form  of  primitlye  lalhc 

Ux«  '»ower''*T'lie  'r..^.  whTch  ii  wound 
ariund  the  nh^id  in  >«cured  ■!  iis  upper  end 
.  lo  a  sprini.  uoi  llv  Ihe  end  of  a  thin  hoard. 
and  si  ilH  l.xi'Pr  end  to  a  i-edal.  Whan  l}» 
I  aller  \>  .iepre-M^I,  >l.e Khali  will  rotate  toward 

wdl  i-Bui>  il  In  ro'iaieVark.  reaiiy  tor  Ihe  next 
i\iiwu*«A  ^->.l^.^lJl .«  v^  veilaL     Thia  type  si 
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U  still  oommmily  used  in  some  Eastern 
ries. 

An  ancient  form  of  drill,  but  one  which 
1  ived  by  jewelers.  Coiled  about  the 
ie  of  the  drill  are  two  oords  whose  lower 
ftre  secured  to  a  cross  piece  mounted  to 
ip  and  down  on  the  spindle.  When  the 
piece  is  pressed  downward,  it  causes  the 
to  uncoil,  rotating  the  spindle.  When 
OSS  piece  reaches  the  bottom  of  its  stroke 
-essure  on  it  is  relieved,  and  due  to  the 
tntum  of  a  heavy  flywheel  on  the  8pin- 
le  latter  continues  to  rotate,  recoiling  the 
and  lifting  up  the  cross  piece.  On  the 
downward  stroke  of  the  crora  piece,  the 
Ie  will  rotate  in  the  opposite  direction. 
.  Trip  hammer.  A  rotating  disk  is 
d  with  a -series  of  pins  adapted  con- 
vely  to  depress  one  arm  of  a  bell  crank 
I  opposite  arm  of  which  a  hammer  weight 
nected  by  a  cord.     When  the  bell  crank 

a  pin  on  the  disk,  the  weight  dropK,  de- 
ig  the  blow,  and  is  then  lifted  again  by 
ixt  pin  acting  on  the  bell  crank. 
.  Means  for  converting  reciprocating 
•n  into  rotary  motion.  A  rope  attached 
» end  to  a  foot  pedal  passes  over  an  inter- 
ite  pulley,  ana  is  attached  at  the  other 

0  the  weighted  crank  arm  of  a'shaft. 
irrangement  is  such  that  on  the  <lown- 
or  power  stroke  of  the  pedal.the  weighted 
will  be  lifted  to  the  vertical  position, 
it  will  be  assisted  b}^  gravity  ana  its  own 
mtum  to  continue  its  rotation  and  lift 
edal  for  the  next  downward  stroke. 

to  205.  Means  for  converting  rotary 
>n  into  rectilinear  motion.     In  202,  se- 

to  a  rotating  shaft  is  a  cam  forme<i  with 
cting  horns,  which  are  adapted  to  sue- 
'ely  engage  a  lug  on  a  sliding  rod.  The 
8  thereby  given  a  trip-hammer  move- 
,  dropping  bv  gravity  as  the  lug  clears 
lorns.  In  203,  a  disk  mounted  eccen- 
\y  on  a  rotating  shaft  is  engage<i  on 
nte  sides  by  a  pair  of  rollers,  pivoted  to 
As  the  shaft  rotates,  the  rod  will  be 
d  up  and  down,  following  the  eccentric 
ment  of  the  disk.  This  movement  is 
on  windmills  to  transmit  motion  from  the 
ing  windmill  shaft  to  the  pump  rod.  In 
shaft  is  provided  with  radial  arms  bearing 
s  at  their  outer  ends.  These  are  adapted 
>erate  within  a  frame  mounted  to  slide, 
^rmed  with  two  lugs  diagonally  <lb«posed 
sposite  sides  of  the  frame.     When  the 

18  rotated,  by  means  of  the  crank  arm 
n,  the  frame  will  be  moved  first  to  one 
>y  one  of  the  rollers  engaging  one  of  the 

and  then  in  the  opposite  direction  by 
ler  of  the  rollers  moving  into  enq;age- 

with  the  other  lug.  In  205,  a  sliding 
ige  is  formed  with  a  lug  adapted  to  be 
{ed  successively  by  a  series  f>f  pins  on  a 
ving  disk.  The  carriage  will  he  moved 
ird  oy  one  of  the  pins  until  the  latter 

1  the  lug,  when  the  carriage  will  be 
id  back  again  by  another  pin  engaging 
m  of  a  bell  crank  whose  other  arm  en- 
I  the  carriage. 

I.  Automatic  relea<<e  for  a  winding  drum. 
tiding  drum  is  mounted  to  turn  freely  on 
ft.  A  hook  is  pivoted  on  the  face  of  the 
,  and  when  it  is  de;«ire<l  to  rotate  the 
.  the  hook  is  brought  into  engagement 
a  taopet  on  the  shaft.  When,  however, 
■eight  has  been  raised  to  a  predetermined 
ion  by  the  winding  drum,  a  pin  strikes  the 


I 


hook,  releasing  it  from  engagement  with  the 
tappet  and  permitting  the  weight  to  drop. 

207.  An  amusement  device  called  the  "fly- 
ing Horse"  used  in  parks  and  fairs.  A  frac.e 
mounted  to  rotate  on  a  vertical  spindle,  is 
provided  with  a  simple  gear  wheel,  which 
meshes  with  a  driving  pinion.  By  alter- 
nately pulling  the  cords,  radiating  from  a 
crank  on  the  shaft  which  carries  the  pinion, 
the  persons  occupying  the  seats  or  horses  at 
the  comers  of  the  frame,  are  enabled  to  keep 
the  apparatus  in  motion. 

208.  This  figure  shows  a  single  pulley  driv- 
ing four  other  pulleys  by  means  of  a  cro(«- 
shaped  connecting  rod.  This  form  of  drive 
is  occasionally  used  for  rotating  wheels  or 
cylinders  which  lie  so  close  to  each  other  that 
no  gearing  or  other  mechanism  for  transmit- 
ting motion  can  be  used. 

200.  This  figure  illustrates  the  rather  cu- 
rious fact  that  if  two  wheels  are  coupled  to- 
gether by  a  connecting  rod,  whose  crank  pins 
are  resp>ectively  eouallv  distant  from  the 
centers  of  the  whee.s,  then  while  one  wheel 
is  constantly  rotated  in  one  direction  the 
other  may  he  rotated  in  the  same  direction, 
or  in  the  opposite  direction,  as  desired. 

210.  A  stop  motion  used  in  brick  machines 
for  drawing  the  mold  back  and  forth,  and 
bringing  it  to  rest  at  each  stroke  to  permit 
of  depositing  the  clay  and  removing  the  brick. 
A  rotating  wheel  carries  a  crank  pin  which 
engages  a  slot  in  a  connecting  rod.  At  the 
end  of  its  forward  stroke,  and  at  the  end  of 
its  return  stroke  the  connecting  rod  will  re- 
main stationary,  while  the  crank  pin  moves 
from  one  end  of  the  slot  to  the  other. 

211.  A  device  used  in  sewing  machines  for 
feeding  the  goods  under  the  needle.  The 
feed  bar  is  formed  with  teeth  at  one  end  and 
the  opposite  end  is  pivoted  between  the  arms 
of  a  forked  lever.  The  feed  bar  is  lifted  by 
a  peripheral  projection  on  a  cam,  and  at  the 
same  time  the  forked  lever  is  moved  forward 
by  a  projection  on  the  side  face  of  the  cam, 
wnich  bears  against  a  lug  carried  on  the  lever. 
A  spring  at  the  opp«*ite  end  of  the  lever  nor- 
mally holds  the  lug  in  contact  with  the  face 
of  the  cam. 

212.  Elevator  safety  device.  Secured  to 
the  side  of  the  elevator  shaft  is  a  plate 
formed  with  one  or  more  studs.  To  the  wind- 
ing drum  of  the  elevator  a  number  of  hooks 
are  pivoted.  When  the  drum  rotates  the 
hooks  are  thrown  out  by  centrifugal  action, 
and  if  dangerous  speed  is  acquire<l,  they  swing 
out  far  enough  to  catch  howl  of  one  or  more 
of  the  studs,  bringing  the  drum  t(»  a  stop. 
The  shock  of  the  sud<len  stoppage  is  usually 
taken  up  by  a  coil  spring  on  the  drum. 

213.  A  device  for  converting  oscillating 
motion  of  a  lever  into  intermittent  rotary 
motion.  A  crank  arm  which  is  provided  with 
two  pawls  hinRe<l  to  its  up|)er  end,  is  t>scil- 
lated  within  the  rim  of  a  wheel.  The  pawls 
are  connected  by  a  cord  to  a  small  crank, 
which  may  be  turne<l  so  as  to  bring  one  pawl 
into  frirtional  eni^agement  with  the  rim  of 
the  wheel,  and  thereby  cause  the  wheel  to 
rotate  intermittently.  When  it  is  desired  to 
reverse  the  direction  of  rotation,  the  crank 
is  turned,  raising  the  first  i^awl  an<l  bringing 
the  other  one  into  engagement  with  the  wheel. 

214.  Means  for  converting  rectilinear  mo- 
tion into  rotary*  motion.  This  is  UMe<l  on 
certain  forms  of  <lrill  stocks.     The  drill  »t<\cV. 

is  cut    wUh  two  »V>VT«\  %TWiN«»>,  V^W^  ViV  ^\i\^\^ 
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is  left-handed  and  the  other  right-handed.  A 
ring  on  the  drill  stock  is  provided  with  a  fol- 
lower which  follows  one  of  the  grooves  on  the 
forward  stroke,  and  the  other  groove  on  the 
return  stroke,  thus  causing  the  drill  to  turn 
always  in  the  same  direction. 

215.  An  automatic  bench  clamp,  used  by 
carpenters  for  holding  the  work  while  planing, 
etc.  Pivoted  to  the  work  bench  are  two  cam 
levers,  formed  with  curved  ends,  which  are 
moved  apart  by  the  work  as  it  is  pressed  in 
between  them,  thus  causing  the  clamping 
ends  of  the  levers  to  tightly  grip  the  work. 

216.  Gripping  tongs  for  lilting  stones  and 
the  like.  The  upper  arms  are  connected  to 
a  shackle  by  a  pair  of  links  so  that  when  a 
pxill  is  exerted  on  the  shackle,  the  arms  are 
drawn  together,  pressing  the  points  into  the 
stone;  the  heavier  the  stone  lifted  the  more 
tightly  will  the  arms  be  drawn  together,  thus 
increasing  the  grip  on  the  stone. 

217.  A  series  of  cross  connected  levers  used 
for  multiplying  or  reducing  motion.  In  the 
illustration,  the  lowest  pair  of  levers  is  |)i voted 
to  a  fixed  pin  A ,  and  the  arrangement  is  such 
that  if  one  pair  of  the  crossed  levers  be  folded 
together,  the  entire  series  will  fold,  giving  the 
rod  attached  to  the  upper  pair  of  levers  a 
greatly  multiplied  longitudinal  movement,  and 
conversely  ii  the  rotl  be  movetl,  a  greatly 
reduceil  motion  will  be  given  to  the  lower 
pair  of  links.  The  extent  to  which  the  mo- 
tion is  multi(>lied  or  reduced  is  directly  pro- 
portional to  the  number  of  pairs  of  levers  in 
the  series.  This  device  is  called  a  "laxy 
tong:^. '  *  The  figure  also  shows  a  means  for 
multiplying  motion  imparted  from  one  recti- 
linear reciprocating  rod  to  another.  If  the 
fixed  pivot  of  the  laay  tongs  be  at  B,  on  giving 
reciprocating  motion  to  the  lower  rou,  the 
reciprtK-ating  motion  will  be  imparted  to  the 
upper  rod,  but  the  travel  of  the  upi>errod  will 
be  twice  that  of  the  lower  rod. 

DRAFTING   DEVICES. 

218.  A  pantograph,  or  an  instniment  for 
reproducing  a  drawing  on  a  larger  or  smaller 
scale.      It   comprises   two   levers   hingecl   to- 

f:ether  aii<l  connected  by  a  pair  of  hinged 
inks.  One  of  the  levers  carries  a  slide.  A, 
in  which  a  pencil  is  secured.  The  other  lever 
carries  a  pivot  pin,  and  the  tracing  point  is 
locate<I  at  (\  In  use  the  device  is  made  to 
turn  on  the  fixed  point  at  B,  then  on  moving 
the  tracing  point  C  over  a  drawing,  the  same 
will  be  repro(hice<l  by  the  pencil  at  A.  By 
varying  the  positions  of  the  pencil  and  the 
pivot  pin  on  their  res]>ective  levers,  the  re- 
produrtion  may  be  made  larger  or  smaller 
than  the  orisinal  as  de.'-ired. 

210.  Thi.s  figure  sliows  the  "parallel  ruler," 
a  device  used  for  drawing  i)arallel  lines.  Two 
parallel  rulers  are  conneote<l  by  a  pair  of  par- 
allel links  of  equal  length.  The  rulers  will  then 
always  lie  parallel  to  each  other,  whether 
swung  apart  or  moved  together. 

220.  A  devieo  for  drawing  a  conchoid  curve. 
A  conchoid  cur\'e  may  he  <lescribed  as  a  curve 
of  such  form  that  when  measure*  1  along  lines 
drawn  from  a  fixecl  point  called  the  pole,  it 
will,  at  all  points,  be  equidistant  from  a 
straight  line,  called  the  ns>'mi)tote.  The  de- 
vice «hown  comprises  a  T-s^jiiare  with  grooved 
head-piece  adaT>ted  to  receive  a  slide  j)iyoted 
to  a  bar.  A  .slot  in  the  lower  end  of  this  bar 
engages  a  i)iii  on  the  l>lade  of  the  T-squarc 
ana  the  opposite  end  of  the  bar  carnfj*  \\\e 


scribing  pencil.     The  pin  repreaents 
and  the  grooved  head  of  the  T-equai 
Bents  the  asymptote.     The  curve  ti 
the  pencil  when  measured  aloog  the 
everywhere  equidistant  from  the  a^ 

221.  An  ellipeofEraph  or  a  device  I 
ing  ellipses.  This  is  similar  to  thi 
graph  shown  in  Figure  218.  The  fix4 
however,  is  at  B,  the  tracing  point  a 
the  pencil  at  C.  When  A  is  moi 
straight  line  toward  or  away  from 
pencu  C  will  trace  an  elliptical  curvi 

222.  A  device  for  drawing  a  h^ia 
A  rod  provided  with  a  pivot  point  is  t 
to  receive  a  nut  with  a  millea  flange, 
rod  is  moved  about  ts  center,  the  n 
tated  by  a  frictional  contact  of  it 
with  the  drawing  paper,  and  is  thv 
fed  toward  or  away  from  the  cent^. 
cil  carried  by  a  sleeve  on  this  nut  i 
trace  a  helical  curve. 

223.  A  device  for  describing  parab 
pin  is  placed  at  the  focus  of  the  desire 
ola  and  a  straight-edge  is  placed  an 
of  the  directrix.  A  slaclr  cord  is  se 
one  end  to  the  pin,  and  at  the  oth< 
blade  of  a  square  whoee  stock  bean 
the  straight  edge.  The  slack  of  th 
taken  up  by  the  pencil,  which  bean 
the  blade  of  the  square.  Sufficient 
provided  to  make  the  distance  of  tl 
from  the  focus  equal  to  its  distance 
straight-edge  or  directrix.  The  cu 
describee!  by  the  pencil  while  keeping 
taut  against  the  square,  as  the  square 
along  the  straight-edge,  will  be  a  par 

224.  A  device  for  describing  hv 
The  two  pins  shown  represent  the  fo 
opposite  hyperbolas.  A  ruler  turns  • 
these  pins  as  a  cent«r,  and  its  opposi 
connected  with  the  other  pin  by  a  sli 
The  slack  of  the  cord  is  taken  ui 
pencil  which  bears  against  the  rui 
curve  de.scribed  will  then  fulfil  the  o 
of  a  hyperbolic  curve,  which  requires 
distance  from  any  p)oint  in  the  cur 
focus,  minus  the  distance  from  that 
any  other  fixed  point  or  focus,  shoul 
be  a  constant  quantity. 

GOVERNORS. 

A  governor  of  a  steam  engine  is 
for  automaticallv  operating  the  thi 
for  shorteninif  the  stroke  of  the  sli 
when  the  engine  attains  a  dangerous 

225.  Watt's  Govkr.nor. — When  t 
ous  speed  is  acquireil,   the  centrifu 
acting  upon  a  pair  of  balls   tends 
sleeve  which,  through  a  bell  crank, 
the  throttle. 

22(i.  Porter's  Governor. — The  < 
is  very  similar  to  that  of  Watt,  but 
are  require<l  to  lift  a  weight  which 
adjusted  as  desired. 

227.  Kley's  Cross  Arm  Govern. 
degree  of  sensitiveness  is  govemec 
length  of  the  cross  arms,  ana  al.«»o  b 
justable  weight,  which  is  lifted  by  tl 

228.  B»  S3*  Govkrnor.— Two  paii 
are  use<l,  one  pair  acting  to  counts 
the  other. 

229.  Tanoye's  Governor.— Th 
when  thrown  out  by  centrifugal  a 
press  a  rod  in  the  hollow  central  s 
this  ro<i  acts  directly  on  the  block  in 

V\vVlkA  ^\vOX\«VVVCi^  '0W6  %\.-t4S»\iA  of  the  sli 
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Pboeix's  Governor. — In  230 
B  from  lifting  a  weight,  act  to 
ral  sprini^  In  231  the  outward 
he  balls  is  controlled  by  an  air 

Governor. — A  ctcmss  arm  gov- 
ts to  raise  a  weight. 

)Lic  Governor. — The  balls 
x>lio  guide  arms,  which  modify 
e  centrifugal  force,  and  produce 
ovement,  which  is  exactly  pro- 
le  speed  of  the  engine. 

iTiNG  Lever  Governor. — 
secured  to  the  endfi  of  a  lever, 
I  a  more  horizontal  i>oeition  eh 
he  engine  increases.  A  spring 
9  the  arm  in  the  tilted  position 


'b  Flywheel  Governor. — The 
ion  of  the  ball  moves  the  eccen- 
he  center,  thus  reducing  the 
slide  valve.  A  leaf  spring  re- 
fugal  action  of  the  ball. 

rll's  Expansion  Governor. — 

thrown  out  by  centrifugal  force 

ion  of  a  spring  raising  the  block 

thus  varying  the  stroke  of  the 

ell's  Crank  Shaft  Governor. 
i  operate  against  the  spring  to 
1  sector,  which  moves  theeccen- 
!  center  of  the  crank  shaft,  thus 
roke  of  the  slide  valve. 

R*8  Crank  Shaft  Governor. — 
ave  bearings  in  the  $>ide  plates 
or.  They  aL^^o  carry  pins  by 
re  connected  to  the  eccentric, 
ights  are  thrown  out  by  cen- 
n,  they  move  the  eccentric 
Iter  of  the  crank  shaft. 

Vane  Governors. — The  shaft 
*om  rotating  too  rapidly  by  the 
"esistance  acting  on  a  pair  of 
-esistance  may  be  varied  by  ad- 
anes  to  different  angles.  In 
f  vane  governors  the  inclined 
0  lift  a  sleeve,  cutting  ofT  the 
er. 


SPRINGS. 

241  and  242.  Laminated  or  Carriaob 
Spri.ngs,  used  on  carriages  to  take  up  the 
jolts  of  the  wheels  in  passing  over  uneven 
roads.  241  shows  the  elliptical  form,  and 
242  the  semi-ellipUcal  form.  They  are  btdlt 
up  of  flat  spring  metal  strips. 

243.  Watch  or  Clock  Spring,  used  to 
drive  a  watch  or  clock  train.  The  spring  is 
formed  of  a  flat  spring  metal  strip,  wound 
into  a  flat  coil. 

244.  Ribbon  Spring. — A  strip  of  flat  spring 
metal  mounte<l  to  exert  a  torsional  pressure. 

245.  Spiral  Spring. — A  length  of  round 
spring  wire  wound  into  spiral  form.  This 
spring  could  be  used  either  as  a  tension  or  as  a 
compres-sion  spring,  though  usually  it  has  the 
form  shown  in  Figure  247  when  used  as  a 
ten.Mion  spring.  A  spiral  spring  should  never 
be  extended  or  compressed  more  than  one- 
third  of  its  length. 

246.  Sear  Spring.— This  spring  gets  its 
name  from  its  use  in  gun  locks  for  causing  the 
sear  to  catch  in  the  notch  of  the  tumbler. 
However,  the  spring  is  here  shown  as  holding 
apart  the  arms  of  a  compass. 

247.  Tension  Spiral  Spring. — A  spiral 
spring  which  tar>ers  toward  the  ends  so  that 
the  pull  will  come  centrally  on  the  spring, 
thus  giving  an  even  tension  and  avoiding  side 
strains. 

248.  Flat  or  Leaf  Spring. — A  strip  of  flat 
spring  metal  used  chiefly  as  a  compression 
spring.  A  spring  of  this  type  is  apt  to  lose  its 
resiliency  after  continued  use. 

249.  Di3K  Spring. — A  compression  spring 
made  up  of  a  series  of  dished  disks  or  plates. 

250.  Helical  Spring.— This  spring  differs 
from  the  spiral  spring.  Figure  245,  in  that  it 
is  formed  by  being  wrapped  around  a  cone, 
whereas  a  spiral  spring  is  formed  by  being 
wrapi>ed  around  a  cylinder.  The  helical 
spring  may  safely  be  compressed  until  it  lies 
flat  like  a  clock  spring. 

251.  Volute  Spring.— A  compression  spring 
formed  by  coiling  a  flat  spring  ribbon  into  a 
helix. 

252.  Fi-RNTTrRE  Spring. — A  compression 
spring  comprising  a  double  helical  spring  used 
in  furniture  to  support  the  cwhioned  backs 
or  seats  of  chairs.  This  spring  is  also  used  in 
bed  springs. 


TRANSMISSION     OF    POWER     BY     BELTING. 


mr  OP  Good  Nkw  Belt  Leath- 
i  3,000  lb.  to  5,000  lb.  r)er  square 
lal  area. 

TciENT  OF  Friction  between 
igand  cast-iron  pulleys  i»  about 

:ne88  of  Belts  varicf<  from 
lis  to  five-sixteenths  of  an  inch, 
of  one- fourth  of  an  inch. 
p  Riveting  and  Lacing. — The 
nty  of  good  single  leather  belt- 
.ken  at  about  1,000  lb.  per  inch 
B  corresponding  Ftrei'gth  of  a 
leing  about  400  lb.,  a  butt  laced 
K)  lb.,  and  an  ordinary  overlap 
I  lb.  It  is  not  customary,  how- 
an  effective  strain  of  more  than 
lae  amounts. 

Itress  of  Belts. — The  follow - 
'ective  working  stre.<'tfes  allowed 


for   the   different    kinds   and    thicknesses   of 
belts  referred  to  in  the  table  of  powers. 

Ordinarv  single  belts,    50  lb. 

Light  double  belts,         70  lb. 

Heavy  double  belts.      90  lb. 

Link  belts,  i  in.  thick.  42  lb. 
in.       "      4Slb. 


in. 

•  •      57  lb. 

in. 

•  •     m  lb. 

in. 

•  •     78  lb. 

in. 

•  •     90  lb. 

•  t  It         « 

Speed  of  Belting. — On  ordinary  shop  line 
shafts  the  velocity  of  the  belts  varies  from 
1,000  ft.  to  1,500  ft.  per  minute.  Lathe  belts 
vary  from  1.500  ft.  to  3.000  ft.  per  minute. 

Streh"»  on  Shafting. — The  cross  stress  on 
shafting  arising  from  the  sum  of  the  tension 
on  the  two  sides  of  the  belt  may  be  taken  at 
90  lb.  per  inch  in  width. — Practical  Electrical 
Engineers'  Pocket  BooV  w\d "Invars . 
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—From  Haeder  &  Powles'  Handbook  on  the  Steam  Engine. 


TYPES     OF     ENGINI':S. 


Trunk  Engine, 
and  8    Vertical  Engines. 
Steeple  Engine. 
Inclmed  Frame  Engine. 
Oscillating  EngineH. 
Corlim  Frame  or  Ciirder  Engine. 
Horisontal  Engine. 
Radial  Engine. 
Beam  Engine. 
Beam  F^.ngine 

Keif  Contained  Horisontal  Engine. 
Inclined  Cylinder  Engine. 
I>ouble  Cylinder  with  Crankff  oi)posite  or 
at  180<*. 


15.  Three  Cylinder  Engine  with  Cranks  at 
IJO*. 

10.  Cominmnd  Woolf  Engine  with  Crankn 
together. 

17.  C<im|H>un<l  W<H»lf  Engine  with  Cranks 
opiwHitc  or  at  ISO®. 

IS.  C<)mp>und  Tandem  Engine  with  Re- 
reiver. 

19.  ComrK)und    Engine    with    Cylinders   side 

by  side  and  Cranks  at  90°. 

20.  Tri[)le  Expansion   Engine,  (\vlinders  side 

by  side  and  Cranks  ut  120^. 

21.  Triple   Expansion    Engine,  semi-tandem: 

Two  Cranks  at  90°. 


PAST  in. 


CHAPTER    I 


CHEMISTRY. 


TABLE  OF  ELEMENTS  * 


mentfl. 


Discoverer. 


Year. 


ly Valentine 1450 

I Valentine 1450 

Paracelsus 1520 

>nis Brandt 1669 

Schroder 1694 

Brandt 1733 

Crondstadt 1751 

»n Cavendish 1766 

1 Rutherford 1772 

ese. Gahn 1774 

Priestley 1774 

n d'Elihujar 1781 

mum Hjelm 1782 

m Reichenstein 1782 

a Klaproth 1789 

n Klaproth 1795 

un Vauquelin 1797 

m Klaporth 1798 

lum Hatchett 1801 

m Hatchett  &  Ekeburg.1802 

un Wollaston 1803 

I Tennant 1803 

..Beraelius,  Hisinser  A,  Klaproth.  1803 

Tennant 1804 

n Wollaston 1804 

im 03%^ 1807 

Davy 1807 

.  .  .Davy  and  Berzelius  &  Pontin.  1808 

un Davy 1808 

um Davy 1808 

. .  .  Davy  and  Berselius  &  Pontin .  1808 
Davy  and  Gay-Lussac  A.  Th^nard.1808 

} Davy 1810 

J Ampere 1810 

Courtois 1811 

Q Berxelius 1817 

m Hermann  &  Stromeyer.1817 

Arfvedrton 1817 

Berxelius 1823 

m Berselius 1824 

5 Balard 1826 

1 Beraelius 1828 

I W6hler 1828 

m Wf)hler 1828 

im W/ihler 1828 

im Sefstroem 1830 


Elements. 


Discoverer.         Year. 


Lanthanum Mosander 1841 

Didymium Moeander   1841 

Erbium Mosander 1843 

Terbium MoHander 1843 

Niobium. .  (same  as  Columbium,  q.  v.). .  1844 

Ruthenium Glaus 1844 

Rubidium Bunsen I860 

Cirsiimi Bunsen  &  Kirchhoff .  1860 

Thallium Crookes  and  I^my.  .  1862 

Indium Reich  &  Richter 1863 

Gallium Boisbaudran 1875 

Ytterbium Marignac 1878 

Samarium Boisbaudran 1879 

Scandium Nilson 1879 

Thulium Qeve 1879 

Neodymium Welsbach 1885 

Praseodymium Welsbach 1885 

Gadolimum Marigpac 1886 

Germanium Winkler 1886 

Argon Rayleigh  &  Ramsay .  1894 

Krypton Ramsay  &  Travers .  .  1897 

Neon Ramsay  &  Travers. .  1898 

Coroniura Nasini 1898 

Xenon Ramsay 1898 

Victorium Crookes 1898 

Etherion  (7) Brush 1898 

Polonium Curid(Mrs.) 1898 

Radiimi .  Curids  (Mrs.  A  Mr. )  and  Bdmont .  1898 

Actinium Debieme 1899 

(MiLst  not  be  confounde<l  with  Phipson's 
actinium.) 

Asterium  hydrogen .  I^ockyer 1899 

(New)  unknown. 

Thorium  a Brauner 1900 

Thorium  $ Brauner 1900 

Krypton  II Ladenl>erg  &  KruKel.1900 

Auatrium  11.(7).  ...  Pribram 1900 

Carolinium Ba.*ikerville 1900 

Radio-active  lead  (  ?)HofTmann  &  Strauss.  1900 

*'j'*  Europium.  .  .  .Demargay 1901 

Euxenium  earth  ( 7). Hoffmann  A  Prandtl  1901 
I.  &  II. 

Amarillium  (7) Courtis 1902 

Tellurium  X Pellini 1903 

Berzelium Bnskerville 1903 


rised  by  Professor  Charle.'^  Ba.skerville,  Ph.D.,  of  the  University  of  North  Carolina. 


1,   silver,  tin,  copper, 
times. 


iron,  lead,  mcrcurj'.  and  carbon    have  been  known  from  the 


443 


yr*t*^*f\ 
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INTERNATIONAL     ATOMIC     WEIGHTS. 


Elements. 

Sym- 
ImI. 

Al 

Sb 

A 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

C« 

CI 

Cr 

Co 

Cb 

Cu 

Er 

F 

Gd 

Ga 

Ge 

Gl 

Au 

He 

H 

In 

I 

Ir 

Fe 

Kr 

Ia 

Pb 

Li 

Mg 

Mn 

Mo 

0  =  16. 

H-L 

Elements. 

Sym- 

1  boL 

Nd 

Ne 

Ni 

N 

Os 

O 

Pd 

P 

Pt 

K 

Pr 

Ra 

Rh 

Rb 

Ru 

Sm 

So 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Tm 

Sn 

Ti 

W 

U 

V 

Xe 

Yb 

Yt 

Zn 

Zr 

0-16.  ! 

H  =  l. 

Aluminum 

27.1 
120.2 

39.9 

75.0 
137.4 
208.5 

11 

79.96 
112.4 
132.9 

40  1 

12.00 
140.25 

35.45 

52.1 

59.0 

94 

63.6 
166 

19 
156 

70 

72.5 
9.1 
197.2 
4 

1.008 
114 

126.85 
193.0 

55.9 

81.8 
138.9 
206.9 
7.03 

24.36 

55.0 
200.0 

96.0 

26.9 
119.3 

39.6 

74.4 
136.4 
206.9 

10.9 

79.36 
111.6 
131.9 

39.8 

11.91 
139.2 

35.18 

51.7 

58.56 

93.3 

63.1 
164.8 

18.9 
155 

69.5 

71.9 
9.03 
195.7 
4 

1.000 
113.1 
125.90 
191.5 

55.5 

81.2 
137.9 
205.35 
6.98 

24.18       ; 

54.6 
198.5 

95.3 

,    Neodymium 

Neon 

143.6 
20 
68.7 
14.04 

191 
16.00 

106.5 
31.0 

194.8 
39.15 

140.5 

225 

103.0 
85.4 

101.7 

150 
44.1 
79.2 
28.4 

107.93 
23.05 
87.6 
32.06 

183 

127.6 
^60 

204.1 

232.5 

171 

119.0 
48.1 

184 

238.5 
51.2 

128 

173.0 
89.0 
65.4 
90.6 

142.5 

Antimonv 

19.9 

Argon 

Arsenic 

Nickel 

Nitrogen 

Osmium 

58.3 
13.93 

Harium 

189.6 

Hinmuth 

'   Oxygen 

15.88 

Boron 

Pallndium 

105.7 

Bromine 

Cadmium 

Phosphorus 

Platinum 

30. n 
193.3 

Caesium 

Potassium 

38.86 

Calcium 

Carbon 

Praseodymium 

Radium 

139.4 
223.3 

Cerium 

Rhodium,  ^  -  ,    .    ,    r 

102.2 

Chlorine 

Rubidium 

84.8 

Chromium 

Cobalt 

Ruthenium 

Samarium 

100.9 
148.9 

Columbium 

'   Scandium 

43.8 

Copper 

Erbium 

Selenium 

78.6 

Silicon 

28.2 

Fluorine 

Silver 

107.12 

dadolinium 

S'Hiium ,  . 

22.88 

Gallium 

Strontium 

86  94 

Germanium 

Sulphur 

31.83 

(ilucinum 

Tantalum 

181.6 

(Jold 

Tellurium 

126.6 

Helium 

Terbium 

158. S 

Hydrogen 

Thallium 

202.6 

Inilium 

Thorium 

230.8 

To«line 

Thulium 

169.7 

Iridium 

Tin 

118.1 

Iron 

Titanium 

47.7 

Krypton 

I.4inthununi 

Tungsten 

Uranium 

182  6 
236.7 

Lead 

Vanadium 

50.8 

Lithium 

Xenon 

127 

Mairnes^i.im 

Ytterbium 

171.7 

Maniranese 

Yttrium 

88.3 

Mercury 

Zinc 

1    Zirconium 

64.9 

Molybifenum 

89.9 

r.EPORT    OF   THE    INTERNATIONAL    COMMITTEE    ON    ATOMIC 

WEIGHTS. 


The  International  Committee  on 
Atomic  Weights  has  the  honor  to  of- 
fer the  following  report: 

In  the  table  of  atomic  weights  for 
1!M)4  only  two  changes  from  1JX)3  are 
recommended.  The  atomic  weight  of 
caesium  has  been  slightly  modified  to 
accord  with  the  recent  determinations 
l»y  Richards  and  Archibald,  and  that 
of  cerium  in  conformity  with  the  mea.s- 
urements  by  Brauner.  llie  value  for 
lanthanum  is  still  in  controversy,  and 
any  change  here  would  therefore  be 
premature.  The  same  consideration 
may  also  be  urgerl  with  regard  to 
iodine.  Ladenburg  has  shown  that  the 
accepted  number  for  iodine  is  probably 
too  low,  but  other  inveatigatvotia  upon 


known  to  be  in  prof- 
they  have  been  (*om- 
be  unwise  to  propose 


the  subject  are 
ress,  and  until 
pleted  it  would 
any  alteration. 

Many  of  the  atomic  weifchts  given 
in  the  table  are  well  known  to  be  more 
or  less  uncertain.  This  is  especiallj 
true  with  respect  to  the  rarer  elements, 
such  as  gallium,  indium,  columbium. 
tantalum,  etc.  But  some  of  the  com- 
moner elements  also  stand  in  necil  of 
revision,  and  we  venture  to  call  atten- 
tion to  a  few  of  these.  Among  the 
metals,  the  atomic  weights  of  mercury. 
tin.  bismuth  and  antimony  should  be 
redetermined,  for  the  reason  that  the 
existing  data  are  not  sufficiently  con- 
eordoLUt.     Palladium  also,  on  accooBt 


>«7 


of  di9creinDei»  '-uti  ■'*au.  aiE*T«ir  w^ 
servers,  ^ai  p^sanbi?  n3ii«iiiiiii.  nir 
which  the  data  aj^  "»i  5?w.  b-*-*—- *  ir- 
tention.  AcktC^  'Jbt  iim-oiK^Ji^.  lUti!^ 
phoms  hM*  ttwa  y:T'iar7  i*^*-*?-! 
and  our  k&v-vjMap^  if  tir*  ir-Tcm- 
weight  of  $il>:i2a  r^^srs  i^ia  i  «3is:t^ 
ratio.  In  ih*  lan-fr  rasn*.  -loiL-TXiL'  ir^ 
data  are  much  ro  i*-  -tesr^L  '"^•'a 
any  of  these  eteni»^-3  3i*')r  ji'--*«r.4a- 
tions  won  Id  be  mivfz  w^^i^^niit*: 

There  i«  on*  o<:it»r  ;«h':i'  ':  i-Lt'!! 
we  may  property  rail  j~--i-j:cl  YLuit 
of  the  raciof  fr»;ni  "nn-!!  I'lrnlr 
weigrhts  have  Se»»a  •-ai'i-ii'-'-L  t-*^- 
measured  in  Teneis  c?  r:a.^*i«.  i^  j"*:- 
cesses  inToIvinar  th*  twe  :^  *cmcx  b'tiis. 
In  such  cases  the  soii-iliTT  :?  'j**  ca^^ 
Ijecomes  an  impor-jjit  -niL'«iii»*n-i.:i:. 
even    when    n«>    mi:*f«*r    :^    3iii'*ral 


-.»-n.r?:i-iin  >!•  1     -•r*irt     t  "^     Kw-.U- 

♦-=*   -i^r^   sna  1.    i^«i   <"!!    :i«*r    /•cci: 

if     Jlir-      *;  ill.      -!•#      •sU-.-^    I!»t       MULTf 

--:i~.--    1-1.  ;i '•..:- ■    ;c   'J»-    '"v:    4.:io> 


CHEMICAL  SUBSTANCES  ANT*   THEIR   COIOIOX   NAMES. 

Common  Name?.          Cfecslrol  Nun**  '.-^  jot      .  .  >«iL?i-'i*  .'£  Jtrsfcx* 

Alum Scdpoare    .i    a>  .r;  r  ^=i         >■?•:   "^i:.  .       .  . ■^vi'JP  .-f '«xi  : 

Aqua  fortl*. X:tx  *n»*  :r»-* 

Aqua  re^ia. 3ii:Trr>-ay:rr<a_*-r.ir  *f>:  '•a'  iZL=...t:ac  Amssvii.up  v*e\frv* 

CalomeL ll«rri;r'.Qt»  -icj-o:*  >,»_'    :♦  c:=i-  c   .  S.»iiJoa  cri^  f»>f 

Carbolic  ao<J ..      V^xkmA  >^±..\    c-Ar-a.-   :«:':j^h  F.  tA?«t:uc..  ,  J-*v■e<l:^f 
Caui>tic  FK.>ta»h .P>.-»A.*f-rcni  hyin'e  >a--  ••-— .  .  P  •X'«';uc'  r  'rare 

Caustic  .'40fla. S»-«-:.t2x.  '^ytrx'tt  >j..--    c  Vcu  c.  .  «  'xatl-c  ako-«.: 

Chalk. Ca>i-ii=i  rajr.  cA-e  >.JLi.■^:  ".:=*.  ».\Lv;_n:  h\v:r;»!e 

Coppcra.'* J?<ii;.hafe  o€  zrrc  >«u    w:isii:z«  Sxituai  carKrjite 

C(>rrTmve  !(ublunate. . MerrTzne ''Ctf .n>e  js-ia.  '^:r^  S.>.:;uiri  bivarS-iat^f 

Cream  of  tartar.  .  .  .    Bitartrare  -i  ;*^'a-— :*.=:  S-ia.  .  .  .  Solium  «rlxt-smf 

Epiom  saltj(.  .    .    .  .    )laffn««iiizr  •»!>  ha'e  >:  ;r;t-  ■  f  hArt^h-  n:.  .Vnr::>.t'ia.  «i  tutkit  v*i 

Firedamp Licfat:     carr-urr'e'l     hj-        >'ir;'-    ■(  *»!■: H>vlrvvhUric  acui 

drncm.  m«'cj&r«  Svankr    f 'ea-i.     .     .  1  ea.l  acrtate 

(;iauber':4  j^t fVidimn  <vu;l^;e  Tar-ar  ^me-io.  lV!a^Mwn»  antuiHiix 

(irape  fxiK^ <';iu<^-e  rarTute 

Goulard  water Ra«ic  arera»e  ■  f  Lea-i  VeriijcH"*-  -  -  Ha^o  av«-tste  vX  v\M'J'«f'r 

Iron  pyritcp irulphiH^p  f4  Iri  n  XVrr:.;!!'  u.  .  SuIphuJe  v  t  n)<rr\'ur> 

Jeweler?*'  i>utty.  .  .  .   <»xide  r4  tin  \  -p-eirar.  ....  l>il«:Tt'  ai-v-iio  acul 

Lau^hinK  ga8 Nitrous  oxi*ie  \  I'hi'l.  Mue.  .  i'«HU***r  M^Iphat«^ 

Lime Cakium  oxide  Kr»?»nj.  VVtou*  >uiph»te 

Lunar  cau:*tic Silver  nitraie  "       "ii  -^f   .  .  <ulphuric  houI 

M«jsaic  Rold Bi«ulph:<ie  f>f  «in  white  Zinc  «.ulphate 

Muriatic  acid Hydrorhlr«n<*  arid  Vi.IaMlc  alkali.     ..  Ammonia 

na.**terof  Paris Calcium  j-ulihat**  -  A»ii» •.\n/./r  Y^m'-  ^^s'A' 


SPECIFIC    GRAVITY. 


To  Convert  Degrees  Haiini*'  into 
Specific  Gravity. —  (1»  For  liquids 
heavier  than  water :  Subtract  thr  de- 
gree of  Baum(^  ffom  14.')  and  divide 
into  145.  The  quotient  is  the  specific 
gravity. 

(2)  For  liquids  lighter  than  water: 
Add  the  degree  of  Baume  to  130  and 
divide  it  into  140.  The  quotient  is  the 
specific  gravity. 

To  Convert  Specific  (travity  into  De- 
grees Baum6. —  (1)  For  li<iuids 
heavier  than  water :  Divide  the  si>eci- 
Gc  ^rarity  into  145  and  subtract  from 


14."i.      The   remainder   is   the  derive  \»t' 
Haumr'. 

(2»  For  liquids  liuhter  than  water: 
Diviile  the  speeitic  »rravit>  int\»  140 
and  subtrart  l.'iO  from  the  t|Uolient. 
The  remaind<»r  will  l»e  the  de»s»*«*<*  *»f 
Baumc. 

COMrARISON      OK      I»Kt:UKKS      TWAItPKI  I 
A.M>   SPKCIKU'    (JUWirV. 

In  order  to  chaniie  derive*!  Twad 
dell  into  spe<Mtie  gravity,  nntltiply  !»> 
r».  a<Id   UHM>  and  <livide  by   \,iHH\, 

FiXainple:  Clmutto  UW  do\i,  '1*^ijA- 
deU  into  «vw\V\v  vt.^\\N\V>j. 
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168X5 

840 
1,000 

1.000)1.840 

1.84,  specific  gravity. 

To  change  specific  gravity  into  de- 
grees Twaddell,  multiply  by  1,000, 
subtract  1.000  and  divide  by  5. 

Example:  Change  1.81  specific 
gravity  to  degrees  Twaddell. 

1.84X1.000 

1,840 

1,000 

5)840 
168''  Tw. 

SPECIFIC    GRAVITY. 

Determination  of  Specific  Gravity : 
Solids:  (1)  Solids  heavier  than,  and 
insoluble  in  water : 

a.  By  weighing  in  air  and  water. — 

(weight  in  air) 


Sp.  gr. 


(lo«is  of  weight  in  water) 


6.  By  Nicholson's  hydrometer.  I^t 
ifi  be  the  weight  required  to  sink  the 
instrument  to  the  mark  on  the  stem ;  to 
take  the  specific  gravity  of  any  solid 
substance,  place  a  portion  of  it  weigh- 
ing less  than  iri  in  the  upper  pan, 
with  such  additional  weight,  say  ira. 
as  will  cause  the  instrument  to  sink 
to  the  zero  mark.  The  weight  of  the 
substance  is  then  wi — irs.  Next  trans- 
fer the  substance  to  the  lower  pan. 
and  again  adjust  with  weight  ir*  to 
the  zero  mark. 


Sp.  gr. 


M'l  —  M'3 


W4  —  W3 

r.   By     the     specific     gravity     bottle 
(applicable   to   i>owders).      Weigh    the 


flask  filled  to  the  mark  with  water, 
then  place  the  substance,  of  known 
weight,  in  the  flask,  fill  to  the  mark 
with  water,  and  weigh   again. 


Sp.  gr.  — 


weight  of  substance  in  air 


wt.  in  air-Hwt.  of  flask  and  wat«^- 
wt.  of  flask  filled  with  substance  and 
water. 

(2)  Solids  lighter  than  and  insolu- 
ble in  water.  The  solid  is  weighed 
by  a  piece  of  lead  and  weighed  in  wa- 
ter. 

(weight  of  substance  in  air) 

(wt.  of  lead  in  water)  — (wt.  of  lesd 
and  substance  in  wat«r)  +  ( wt.  of  sub- 
stance in  air) 


Sp.  gr. 


(3)  Solids  heavier  than  and  soluble 
in  water.  Proceed  as  in  1  a.  using 
instead  of  water  some  liquid  without 
action  on  the  solid. 

(weight  of  bulk  of  liqaid  eqaal  to  sub- 
stance) =  (weight  of  substance  in 
air)     —     (weight     of     substance     in 

liquid). 

,,,.,,-       ^         (wt.  of  bulk  of  liquid 
( wt.  of  bulk  of  wat«r        equal  to  suK^tance ) 

equal  to  substance)™ z j-jr-    ...     - 

(sp.  gr.  of  liquid) 

(weight  of  substance  in  air) 

(weight  of   bulk   of  water  equal  to 
substance) 

Liquids:   (1)   By  the  hydrometer. 

(2)  By  the  specific  gravity  bottle. 

Weigh  the  bottle  filled  to  the  mark 
with  water,  and  again  when  filled  to 
the  mark  with  liquid. 


Sp.  gr. 


Sp.  gr. 


(weight     of     liquid     and    bottle) - 
(weight  of  bottle) 


(weight     of    water     and     bottle) - 
(weight  of  bottle) 


Tables   of   Specific  Gravity  will  he 
found  under  Weights  and  Measures. 


THERMOMETER    SCALES. 


Much  annoyance  is  caused  by  the 
proat  difference  of  rliermonieter  scales 
in  use  in  the  different  civilized  coun- 
tries. The  s<ale  of  Reaumur  i)revails 
in  (Germany.  As  is  well  known,  he  di- 
vides the  spa<*e  between  the  freezing 
and  l)oiling  points  into  80  deg.  France 
uses  that  of  (.'elsius.  who  graduated 
his  scale  on  the  decimal  system.  The 
most  peculiar  scale  of  all.  however,  is 
that  of  Fahrenheit,  a  renowned  (Jer- 
man  i>hysicist.  who  in  1714  or  171"). 
composed  liis  scale,  having  ascertained 
that  water  <nn  be  cooled  under  the 
freezing  point,  without  congealinj;.  TTe 
therefore  di<l  not  take  the  cong«'aling 
poiat  of  water,  but  composed  a  in\x- 


\ 


ture  of  equal  parts  of  snow  and  sal 
ammoniac,  al)Out  — 14  deg.  R.  The 
conversion  of  any  one  of  these  scales  to 
another  is  very  simple,  and  easily 
made.  To  change  a  temperature  as 
given  by  Fahrenheit's  scale  into  the 
same  as  given  by  the  centigrade  scale 
subtract  32  deg.  from  Fahrenheit's  de- 
grees, and  multiply  the  remainder  by 
r»-9.  The  product  will  be  the  tem- 
perature in  centigrade  degrees. 

To  change  from  Fahrenheit's  to 
R<»juimur's  scale,  subtract  32  deg.  from 
Fahrenheit's  degrees,  and  multiply  the 
remainder  l)y  4-0.  The  product  will 
be  the  temperature   in   Reaumur's  de- 
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COMPARATIVE  SCATTER    OF 

THERMOMETER. 

c. 

R. 

F 

C. 

R. 

F.         ;          C. 

^                 1 

R. 

F. 

-30 

-24.0 

-22.0 

14 

11.2 

57.2             58 

46.4 

136.4 

-29 

-23.2 

-20.2 

15 

12.0 

59.0     1 

59 

47.2 

138.2 

-23 

-22.4 

-18.4      , 

16 

12.8 

60.8 

60 

48.0 

140.0 

-27 

-21.« 

-16.6      1 

17 

13.6 

62.6 

61 

48.8 

141.8 

-26 

-20.8 

-14.8      , 

18 

14.4 

64.4 

62 

49.6 

143.6 

-25 

-20.0 

-13.0      ' 

19 

15.2 

66.2     ! 

63 

50.4 

145.4 

-24 

-19.2 

1      -11.2      j 

20 

16.0 

68.0 

64 

51.2 

147.2 

-23 

-18.4 

-9.4      1 

21 

16.8 

69.8     ' 

65 

52.0 

149.0 

-22 

-17.6 

1       -7.6      1 

22 

17.6 

71.6 

66 

52.8 

150.8 

-21 

-16.8 

-5.8      1 

23 

18.4 

73.4     1 

67 

53.6 

152.6 

-20 

-16.0 

-4.0 

24 

19.2 

75.2     , 

68 

54.4 

154.4 

-19 

-15.2 

-2.2      ! 

25 

20.0 

77.0 

69 

55.2 

156.2 

-18 

-14.4 

-0.4      , 

26 

20.8 

78.8     , 

70 

56.0 

158.0 

-17 

-13.6 

1.4      ' 

27 

21.6 

80.6 

71 

56.8 

159.8 

-16 

-12.8 

!           3.2      , 

28 

22.4 

82.4 

72 

57.6 

101.6 

-15 

-12.0 

5.0 

29 

23.2 

84.2             73 

58.4 

163.4 

-14 

-11.2 

6.8      1 

30 

24.0 

86.0             74 

59.2 

165.2 

-13 

1      -10.4 

<           8.6 

31 

24.8 

87.8             75 

60.0 

167.0 

-12 

-9.6 

1         10.4 

32 

25.6 

89.6      !       76 

60.8 

168.8 

-11 

-8.8 

'         12.2 

33 

26.4 

91.4 

77 

61.6 

170.6 

-10 

-8.0 

14.0 

34 

27.2 

93.2 

78 

62.4 

172.4 

-9 

-7.2 

1         15.8 

35 

28.0 

95.0 

79 

63.2 

174.2 

-8 

-6.4 

17.6 

36 

28.8 

96.8     I 

80 

64.0 

176.0 

—  7 

-5.6 

19.4      ! 

37 

29.6 

98.6 

81 

64.8 

177.8 

-6 

-4.8 

21.2 

38 

30.4 

100.4 

82 

65.6 

179.6 

-5 

-4.0 

23.0 

39 

31.2 

102.2 

83 

66.4 

181.4 

-4 

-3.2 

24.8      1 

40 

32.0 

104.0 

84 

67.2 

183.2 

-3 

-2.4 

■          26.6 

41 

32.8 

105.8 

85 

68.0 

185.0 

-2 

-1.6 

28.4      ' 

42 

33.6 

107.6     1 

86 

68.8 

186.8 

-  1 

-0.8 

1          30.2 

43 

34.4 

109.4 

87 

69.6 

188.6 

0 

0.0 

32.0      I 

44 

35.2 

111.2     ! 

88 

70.4 

190.4 

1 

0.8 

33.8 

45 

36.0 

113.0     ' 

89 

71.2 

192.2 

2 

1.0 

35.6 

46 

36.8 

114.8 

90 

72.0 

194.0 

3 

2.4 

1         37.4 

47 

37.6 

116.0     1 

91 

72.8 

195.8 

4 

3.2 

'         39.2 

48 

38.4 

118.4      ' 

92 

73.6 

197.6 

5 

4.0 

41.0 

49 

39.2 

120.2     1 

93 

74.4 

199.4 

6 

4.8 

42.8 

50 

40.0 

122.0     i 

94 

75.2 

201.2 

7 

5.6 

44.6 

51 

40.8 

123.8     , 

95 

76.0 

203.0 

8 

6.4 

i          46.4 

52 

41.6 

125.6 

96 

76.8 

204.8 

9 

7.2 

'         48.2 

53 

42.4 

127.4              97 

77.6 

206.6 

10 

8.0 

1         50.0 

54 

43.2 

129.2      ,       98 

78.4 

208.4 

11 

8.8 

'         51.8 

55 

44.0 

131.5      1       99 

79.2 

210.2 

12 

9.6 

53.6 

50 

44.8 

132.8      ,     100 

80.0 

212.0 

13 

10.4 

55.4 

57 

45.6 

134.6 

To  change  the  temperature  as  given 
by  the  centigrade  scale  into  the  same 
as  given  by  Fahrenheit,  multiply  the 
centigrade  degrees  by  9-5  and  add  32 
deg.  to  the  product.  The  sum  will  l)e 
the  temperature  by  Fahrenheit'.s  scale. 

To  change  from  Reaumur's  to  Fahr- 


enheit's scale,  multiply  the  degrees  on 
Reaumur's  scale  by  9-4  and  add  32 
deg.  to  the  product.  T*he  sum  will  be 
the  temperature  by  Fahrenheit's  scale. 
For  those  who  wish  to  save  them- 
selves the  trouble  we  have  calculated 
the  preceding  comparative  table. 


VALUE  OF  RARE  ELEMENTS. 


Elemerst."*. 


Quantity. 


Value. 


Boron  nitrate  (New  York) lb. 

Boron,  pure  crystals  (Germany) 10  fcrams 

Boron,  amorphous,  pure  (Germany) kilo. 

Boron,  powder  (Afoi«san)  (Germany) 

Csesium  nitrate  crystals  (Germany) 100  Rrams 

Cavium  oxide  hyrfrated  (Germany) 

Calcium  roetaJ,  (Germany) 1  icram 

Cerium  met«I,  fused  (Germany) ^  '* 


I 


81.50 
13  09 
119  00 
142.80 
11.90 
13.09 


4 


28 
.02 
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VALUE  OF   RARE   ELEMENTS.— Conanu^rf. 


Elements. 


Quantity.  ■       Vmlue. 


Cerium  metal,  powder  (Germany) 

Cerium  nitrate  (New  York) 

IMdymium  metal,  fu^ed  (Germany) 

Didymium  metal  powder  (Germany) 

Didymium  nitrate  (New  York) 

Krbium  metal  (Germany) 

Erbium  nitrate  (New  York) 

Germanium  metal,  fused  (Germany) 

Germanium  metal,  f>owder  (Germany) 

Glucinura  metal.  cryHtals  (Germany) 

Glucinum  metal,  fused  in  balln  (Germany) 

Glucinum  metal,  powder  (Germany) 

Glucinum  nitrate  (New  York) 

Iridium  metal,  fufied  ((jermany) 

Iridium  metal,  powder  (Germany 

Lanthanum  metal,  powder  (Germany) 

Lanthanum  metal,  m  ImlIIh  (Germany) 

lanthanum  nitrate  (New  York) 

Lithium  metal,  pure  (Germany) 

Lithium  metal,  chem.  pure  ((iermany) 

Lithium  carbonate  (New  York) 

Lithium  nitrate  (New  York) 

Magnalium  metal,  ingot  (Germany) 

Magnalium  metal,  sheet  (Germany) 

Mafcnenium  metal,  mgot  (Geruianv) 

Magne.sium  metal,  ribbon,  wire,  sheet  (Germany) 

MaicneHium  metal,  nticks  (Gennany) 

Ma«(ne8ium  metal,  culjes  (Germany)   

Mai^esium  metal,  powder  (Gornmny) 

ManRanese  metal,  pure  fused  (Germany) 

ManganeHe  metal,  com 'I  (94  (Tr  97%)  (Germany).  . 

Molyodenum  metal,  pure  ( German v) 

Molybtionum  metal,  coni'l.  fused  ((Germany) 

Molybilcnum  metal,  pure,  fusetl  (Germany) 

Molvb<lenuni  metal,  |H)W(ler  (Gornmny) 

Niobium  metal,  inire  (Germany) 

Osnnum  metal  (Germany^ 

Palladium  metal  (Germany) 

Platinum  ( Now  York) 

Polonium 

P«»ta«isium  metal  in  bulls  (Gorfnany) 

Radium 

Hhoiiiiiin  iiK'tal  (Grrinaiiv) 


{{iiliidiiini  riH-tal 
Kuthomuiu  iiiota 
Kuthciiiuin  inota 


)Uro  (( 'loriiiatjy ) 

Po\v<Ut  (Ciorinaiiy) 

spojijfo  ((  U'rmaiiy ) 

Soioiiiiiin  metal  (( Irriuany  ".   .  

Siliriuin  niolal.  rom'l,  f\i'-*Ml  <<  uTinaiiy) 

So«liiun  niotal  (New  ^'nrk     

Stroiitiiiin  met  a!  (( icrtuanN  )       

Strontium  nitrate  i  New  ^<>rk'.  

Tautalutu  metal.  jMire  'Ciertiiany  ^     .  .  . 

'IVlluriimi  iiu'tal.  ehem.  pure  >tick.-  ((ierniaiiy)  . 
Tolluriuin  luotal.  cliein.  pun*  powiler  (< '•eriiian\K  . 

Thalliuni  metal  <(  ;eririaii.\  ?  

Thorium  nitrate  ■  New   ^  ork).  ... 

Titaiitum  tnetMl.  pure  (('ierinan\  >    . 

Iraiuum  mota!  ((Jerinaii\  > 

rraniuin  nitrate  (New  ^"orki.-  . 

Wolfram  metal,  powder  f<  r  -te»  !  Uiake-^  '<ienii:n:> 

>'ttriuni  metal  (Gerniany).  .. 

Zirof)nium  metal  (Germany).  . 

Zireonium  nitrate  'New  York). 


1  ffram 
lb.  . 

1          $1.67 
1          1000 

1  gram 

5.47 

•t 

4  71 

lb. 

35  00 

1  gram 
lb. 

3  09 
40  00 

1  gram 

59  50 

k* 

57  12 

•  t 

9  04 

ft* 

35  70 

•  ft 

5  95 

lb. 

20  00 

10  gram.*) 

10.71 

•  • 

9  52 

1  gram 

4  28 

•• 

9  04 

lb. 

30  00 

1  gram 

0  71 

2  38 

lb. 

1.50 

ox. 

.60 

kilo. 

3.57 

•  • 

7.14 

•  • 

4  28 

•  • 

7  62 

•  k 

5  47 

•• 

5  00 

•  4 

3.81  Co.  5  00 

•  • 

3  81 

•  • 

1   25 

ft* 

17  85 

•  ft 

6  66 

100  grams 

9  52 

kilo. 

4  05 

1  gram 

4.71 

10  grams 

17  14 

*• 

8  57 

OS. 

18  50 



Specul.-ttive.' 

kilo. 

16  60 

See  Hadi 

um.  p.  449t 

10  grams    , 

26  18 

1  gram      | 

4  76 

•  • 

2  38 

•  • 

4  28 

kilo. 

16  66 

•  • 

1 

9  52 

lb. 

0  50 

1  gram 

6.19 

lb. 

0  OR 

1  gram. 

3  57 

kilo. 

106  10 

k  » 

107'  10 

«  » 

23  80 

lb 

4  .W 

kilo. 

23  80 

•  « 

100  40 

OS. 

0  25 

kilo. 

1   70 

1  gram 

3  X\ 

kilo. 

95  20 

!b. 

8  00 

♦The  value  of  polonium  is  purely  speculati\e.  Minute  (iiumtities  have  been  sold  at  very 
high  pnecs.  It  is  worth  7'>  (ent-  a  giani  on  hiMuuth  and  platiruun  platex.  The  quantity  of 
I»olonium  i-  of  eourse  very  minute. 

t  The '»upply  is  Ml  stnall  that  any  pr  ire  ean  he  a»ke«l.  .SH..')!^).^^^  is  the  current  **new<paper" 
estimate  per  pound.     See  Hadium.  page  440. 

(Table  furnisho  I  hy  the  Fntjutt-ring  and  Mining  Jourrxtl.] 
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RADIUM  AND  RADIO-ACTIVITY. 


?  marvels  of  radium  may  be  said 
k'e  l)een  more  or  less  foreshadowed 
e  discovery  of  the  Roentgen  rays. 
as   immediately   determined    that 
'manations    of    a    Crookes    tube 
not  ethereal  undulations  such  as 
ary  light,  but  that  they  consisted 
tual  material  particles  of  matter 
i  charged  with  electricity.    Xatu- 
the  attempt  was  made  to  discover 
ler  the  phenomena  of  phosphores- 
mbstances  were  not  akin  to  those 
le    Crookes    tube.     The    leading 
in  this  movement  was  Professor 
I     Becquerel,    w^ho    selected    the 
uranium   as  the  subject  of  his 
iments.     He  accidentally  discov- 
that  the  so-called  phosphorescent 
utes  of  uranium  were  not  due  to 
^sorption  of  sunlight,  but  that  the 
ance    was    spontaneously    active, 
hat   the  light   which  came   from 
m  was  a  new  kind  of  emanation 
'ly  diflFcrent  from  the  X-rays.    To 
new  radiations  the  name  **Bec- 
1  Ravs*'  was  given, 
inium    is    obtained    from    pJtch- 
e.  an  ore  more  or  less  widely  dis- 
ed    about   the   world,   but    found 
V   in    Bohemia  and   in   Cornwall, 
me  Curi6.  who.  at  the  time  Bec- 
1   was  making  his  investigations. 
I  senior  student  at  the  Municipal 
I  of  Physics  and  Technical  (^hem- 
in    Paris,    had    selected    "Radio- 
ity'* — a  name  which  she  coined — 
e  subject  of  her  Doctor's  thesis. 
rally  it  was  necessary  for  her  to 
uranium    and   similar    minerals 
some  care.     She  found  that,  after 
g  extracted  all  the  uranium  con- 
i  in  her  specimen  of  pitchblende, 
still   remained   in   the   residue  a 
ince   far   more   active   than    ura- 
After  isolating   this   unknown 
tit    substance    and    analyzing    it, 
ound  that  it  contained   two   now 
nts.    The  one  she  christened  "po- 
n,*'  after  Poland,  the  land  of  her 
:  the  other  she  named  "radium." 
'eral  tons  of  pitchblende  must  1  :e 
'd  and  concentrated  before  a  few 
?  of   radium   are  obtained.      But 
few  grains  are  worth  more  than 
precious    gem    or    metal    in    the 
Indeed  they  have  almost   any 
which  their  fortunate  possessor 
choose  to  give  them.     There  are 
bly  not  two  pounds  of  pure  ra- 
in exi8ten<-e :   but  nt  the  present 
?t  price  they  woubl  be  worth  ea«h 
three  and  one-lwilf  million  dol- 
There  is  more  gold  in  sea  water 


than  radium  in  pitchblende;  and  that 
is  why  its  price  is  so  high. 

The  properties  of  radium  wmII  prob- 
ably necessitate  a  decided  revision  in 
some  time-honored  chemical  theories ; 
for  radium  refuses  to  conform  to  our 
long-established  atomic  theories,  and 
l)ehave9  in  a  most  inexplicable  fash- 
ion. In  the  first  place  the  radio-activ- 
ity of  the  element  has  been  found  to 
consist  of  three  distinct  sets  of  ema- 
nations, which  have  been  respectively 
christened  the  Alpha,  the  Beta,  and 
the  Gamma  rays,  for  want  of  better 
names. 

The  Alpha  rays  are  not,  like  ordi- 
nary light,  ethereal  pulsations,  but  ac- 
tual material  particles  hurled  off  at  a 
speed  of  about  20,(MH)  miles  per  sec- 
ond from  tlie  parent  mass.  They  are 
highly  charged  with  positive  electric- 
ity. Their  speed  is  about  40.00(>  times 
greater  than  that  of  a  rifle  bullet. 

The  Beta  rays,  which  consist  of  par- 
ticles of  matter,  corpuscles  of  elec- 
tricity or  "electrons"  as  the  modern 
physicist  calls  them,  move  still  more 
swiftly.  Each  of  the  Beta  particles 
(very  much  smaller  in  size  than  the 
Alpha  particles)  travels  at  the  rate  of 
about  ICKXOCK)  miles  a  se<ond.  They 
are  the  fastest  moving  objects  known 
in  the  universe;  for  their  speed  is 
three  hundred  times  faster  than  that 
of  the  swiftest  star.  Such  is  their  ve- 
locity that  it  takes  a  foot  of  solid  iron 
to  stop  them. 

The  (lamma  rays  are  probably 
Roentgen  rays,  if  one  nmy  judge  by 
the  similarity  of  the  proi)erties  of  the 
two.  Like  the  Beta  rays,  the  (tamma 
emanations  have  remarkable  penetrat- 
ing properties.  But  of  the  three  kinds 
of  rays  discharged  by  radium,  the 
(Jamma  rays  are  the  most  difficult  to 
detect  and  the  least  perfectly  under- 
stood. 

Professor  Curi6,  Madame  Curia's 
husband,  has  discovered  that  radium 
constantly  maintains  a  temperature  of 
about  five  or  six  degrees  above  the 
surrounding  atmosphere.  For  some 
time  this  startling  phenomenon  baffled 
physicists.  Here  was  a  substan<'e  con- 
stantly giving  off  heat  without  being 
apparently  consumed,  and  without 
anything  to  make  it  hot.  It  is  now 
thought  that  this  strange  i)ro|>erty  can 
be  explained  by  assuming  that  the  par- 
ti<les  collide  with  one  another,  and 
that  the  heat  generated  by  the  impact 
i'.\    heat    that    must    be    very    marked 
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is  the  energy  of  a  particle  moving  at 
the  rate  of  many  thousand  miles  a  sec- 
ond) is  sufficient  to  explain  the  heat 
generated  by  radium. 

The  fact  that  radium  is  a  spontane- 
ous source  of  thermal  energy  is  in  it- 
self a  fact  sufficiently  startling.  Sir 
William  Ramsay,  however,  has  dis- 
covered still  other  startling  properties 
of  this  startling  substance.  He  col- 
lected the  material  particles  which  are 
shot  from  the  substance,  analyzed  them, 
and  found  that  after  a  few  days  they 
changed  into  helium,  a  gas  which  was 
first  discovered  burning  in  the  sun. 
Tliis  seems  dangerously  like  the  trans- 
mutation of  one  element  into  an- 
other, the  problem  on  the  solution  of 
which  the  medieval  alchemist  had 
worked  for  centuries.  After  ages 
of  labor  seventy-odd  bits  of  pri- 
mordial matter  had  been  wrung 
from  the  earth,  so  simple  and  so  un- 
changeable in  their  nature  that  they 
were  deemed  elements.  And  now  one 
of  them  proves  to  be  nothing  but  the 
product  of  another.  Can  we  ever  be 
certain  again  that  the  rest  are  not  also 
likely  to  change?  Is  it  any  wonder 
that  our  chemistry  needs  revision? 

The  atomic  weight  of  radium  has 
been  ascertained  by  Madame  Curi6  to 
be  225  :  that  of  helium  is  2.2.  In  other 
words,  every  atom  of  radium  breaks 
MP  into  about  KM)  parts  of  helium. 
What  becomes  of  the  old  teaching  that 
atoms  are  indivisible  particles  of  mat- 


ter? Some  of  the  more  advanced 
thinkers  have  abandoned  the  atom  and 
adopted  the  "electron'*  as  the  ultimate 
unit.  The  atom  is  certainly  quite  in- 
adequate to  account  for  the  properties 
of  radium.  Atoms  may  be  said  to  be 
composed  of  electrons  moving,  like 
miniature  solar  systems,  with  incon- 
ceivable rapidity  in  well-defined  orbits. 
Sometimes  a  little  planet  of  that  sys- 
tem becomes  unstable,  darts  off  with 
terrific  speed  like  a  comet,  and  thus 
gives  rise  to  the  phenomena  of  radium, 
of  uranium,  and  of  every  other  radio- 
active substance. 

Has  radium  any  practical  value?  it 
may  be  asked.  So  far  it  is  more  of  a 
!4cientific  curiosity  than  anything  else. 
Still,  it  is  not  without  some  use.  It  is 
an  excellent  detector  of  false  dia- 
monds; for  it  causes  the  real  gem  to 
glow  with  wonderful  brilliancy,  while 
the  paste  imitation  is  left  compara- 
tively lusterless.  Then,  again,  radium 
kills  bacteria  and  even  very  small  ani- 
mals. The  modern  physician  has  used 
the  substance  with  some  success  in 
treating  certain  diseases,  among  them 
cancer  and  lupus.  Living  tissues  of 
the  body  are  strangely  affected  by 
short  exposures  to  the  substance. 
Sores  are  produced,  like  burns,  which 
heal  only  after  weeks  have  elapsed. 
An  electroscope  has  also  been  invented, 
the  underlying  principle  of  which  is 
dependent  upon  the  properties  of  ra- 
dium. 


PRICKS 

lorin. 

OF   FRENCH 

RADIUM, 

Activity. 

JULY.    1904. 

Price  per 
Gramme. 

Price  per 
Oimce. 

Price  per 
MilligrBin. 

DoHam 

Dollars 

Dtillan 

/ 

50 

4                   125 

.004 

100 

8 

250 

.OOS 

rm 

30                   910 

.040 

1.000 

GO 

1.820 

.OSO 

HiKliuin  chlorii 

le  »»r  l>ronn«lp. .  . 

1 

.5,000 

240 

7.280 

.40 

10.000 

500 

15.050 

.SO 

20.000 

1.000 

30.100 

1.60 

,'»0.0()0 

2.000               fiO.200 

4.00 

100.000 

4.000 

120.400 

8.00 

\ 

oOO.OOO 

20,000             602.000 

40.00 

Rjidiuin.  pure. 



I.SOO.OOO 

.SO.OOO      '    2.408.000 

144.00 

— ^'Vw\A%  V.\w\\\*:\vftv\Vk^  \i\.  <jAorcB  F.  Kuni. 
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MELTING   POINTS  OF  CHEMICAL  ELEMENTS. 

The  meltinc  points  of  chemical  elementa  are,  in  many  cases,  somewhat  uncertain,  owing  to  the 
different  results  obtained  by  different  observers.     This  table  gives  the  probable  average  value. 


Substance. 


Aluminum 

Antimony 

Bismuth 

Bromine 

Cadmium 

Caesium 

Chlorine,  liquid. . 

Cobalt 

Copper 

GaJbum 

Germanium 

Gold. 

Indium 

Iodine 

Iridium 

Iron,  pure 

'  *      white  pig.  . 

""  gray  pig... 
Steel 

**      cast 

Lead 

Lithium 


Melting 

Point, 

Degrees  C. 


625 

435 

268.1 

-7.27 

318 

26.5 

-102 

1650 

1100 

30.15 

900 

1080 

176 

112 

2225 

1635 

1075 

1200 

1360 

1375 

326 

180 

Substance. 


Melting 

Point 

Degrees  C. 


Magnesium 775 

Manganese 1900 

Mercury i  -  39 .  04 

Nickel 1500 

Osmium 2500 

Nitrogen -  208 

PaUadium :  1600 

Phosphoru.** '  44. 25 

Platinum 1900 

Pota.ssium I  60 

Rhodium 2000 

Rubidium 38.5 

Ruthenium 1800 

Selenium 217 

Silver 950 

Sodium 97.6 

Sulphur 115.1 

Tellurium 470 

Thallium 289 

Tin 1         230 

Zinc I         415 


BOILING    POINTS   OF   CHEMICAL    ELEMENTS. 


I 


Substance. 


Boiling 

Point, 

Degrees  C. 


Antimony 1535 

Arsenic 449 

Bismuth 1413 

Bromine 62.08 

Cadmium '  779 

Chlorine ■  -33.6 

Io«line over  200 

Lead i  about  1,525 

Magnesium 1100 

Mercury 357 

Nitrogen -194.4 


Boiling 

Point 

Degrees  C. 


Oxygen - 183 

Ozone - 106 

Phosphorui* 288 

Potassium 695 

Selenium 675 

Sodium i         825 

Sulphur ,         448.1 

Thallium I  1700 

Tin about  1,550 

Zinc 958 


HEAT   OF  COMBUSTION. 

Heat  of  combustion  of  some  common  organic  compounds. 

Products  of  combustion,  CO2  or  SO2  and  water,  which  is  assumed  to  he  in  a  state  of  vapor. 


Therms  per 
Substance.  (Jramme  of 

Substance. 

I 

Acetvlene 1 1,923 

Alcohols: 

Amyl I  8.958 

Ethyl '  7.1H3 

Methyl 5.307 

Bensene 9,977 

Bituminous 7,400-8.500 

Anthracite 7,800 

Lignite 6.900 

Coke 7.000 

Carbon  disulphide 3.244 

Dsmamite,  75  per  cent 1,290 

Gas: 

Coal  gas 5,S0O-n.000 

Illuminating ,  5,200-5,500 


Substance. 


Therms  per 
(iramme  of 
Substance. 


Clan:  I 

Methane 13,063 

Naphthalene 9,618-9,793 

Gunpowder '  720-750 

Oils: 

Lard '  0,200-9,400 

Olive 9,328-9.442 


Petroleum,  American  crude.  . 

11,094 

refined.  1 

11,045 

**           RiL<*i*ian 

10,800 

►''ood.'* :                                             1 

Beech  with  12.9  per  cent.  HjO 

4,lf>8 

Birch      "     11. S3 

4,207 

Oak        *•     1.3.3 1 

3.990 

Pine       "     12.17 

4,422 
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SIZES    OF    DRY     PLATES. 


3i  X  4i  inches 


6iX8^ 


8X10  inches 

10X12  •• 

11X14  •• 

14X17  •• 

10X20  *' 

17X20  " 

18X22  •• 

20X24  •• 


SIZES    IN    FRANCE    AND    GERMANY. 


6iX 
9  X 

12 

13 

12 

15 

15 

18 

21 

24 

27 

27 

30 

40 

50 


9 
12 
X15 
X18 
X20 
X21 
X22 
X24 
X29 
X30 
X33 
X35 
X40 
X60 
X60 


cm 2.5X 

3.6X 


5 

7 

8 

9 

10 

10 

11 

15 


4.7X 
5. IX 
4.7X 
5  9X 
9X 

OX 

2v 

4x 

6X12 

6X13 

8X15 

7X19 


3 
4 

5.9 

7.0 

7.8 

8.2 

8.6 

9.4 

10.0 

11. S 

0 


6  inches 
7 


19.6X23 


SIZES     IN     ITALY. 


7 
7 
0 
0 


9X12  cm... 3.6X   4.7  inches 

12X10     •'    4.7X    0.3 

12X  18     "    4.7X   7.0 

13X18     •' 5.  IX   7.0 

12X20    "   4.7X   7.S 

18X24     *' 7.  OX   9.4 

21X29     " S.2  XIO.O 

24X30     " 9.4V  ll.H 

27X33     ** 10.0  \  12.9 

30  <3«i     "    11. S-  14.1 

40^  .'iO     '•    15.7  X  19.0 

50-00     '•    19.0  \  23.0 


Air. — The  following  data  are  useful  in  cal- 
culations relating  to  air: 

1.  To  find  the  quantity  of  nitrogen  by  vol- 
ume corresponding  to  1  volume  of  oxyc^n. 
multiply  by  3.770992. 

2.  To  find  the  quantity  of  oxygen  by  vol- 
ume corresfKinding  to  1  volume  of  nitrugen. 
multiply  by  0.265182. 

3.  To  find  the  quantity  of  nitrogen  l>.v 
weight  corresponding  to  1  part  by  weight  of 
oxygen,  multiply  by  3.313022. 

4.  To  find  the  quantity  of  oxygen  by 
weiglit  corresponding  to  1  part  by  weight  of 
nitrogen,  multiply  by  0.301839. 

5.  To  find  the  quantity  of  nitrogen  by  vol- 
ume corresponding  to  1  part  by  weight  of  oxy- 
gen, multiply  by  2.6365411. 

0.  To  find  the  quantity  of  oxygen  by  vol- 
ume corre.*ti>onding  to  1  part  by  wei^t  of 
nitrogen,  multiply  by  0.2730071. 

7.  To  find  the  quantity  of  nitrogen  by 
weight  corresponding  to  1  part  by  volume  of 
oxygen,  multiply  by  3.6629154. 

8.  To  find  the  quantity  of  ox>'gen  by 
weight  corresponding  to  1  part  by  volume  of 
nitrogen,  multiply  by  0.3792848. 

To  Tk«t  Air  for  Srwrr  Gas.  — Saturate 
unglaze<l  paper  with  a  solution  of  1  os.  of  pure 
letid  acetate  in  half  a  pint  of  rain  water;  let  it 
partially  dry,  then  expose  in  the  room  j»u-*- 
l>e?ted  <»f  containing  sewer  gas.  The  presence 
of  the  latter  in  any  considerable  quantity  soon 
darkens  or  blackens  the  test  pajier. 


CHAPTER  II. 


A8TRONOMT. 


Telescope. — Telescopes  are  of  two 

namely,  refracting  and  refleciin^  tele- 
The  refracting  telescope  consists  of 
ect-Klass  which  forms  an  image  of  the 
,  and  an  eye-fflass  by  which  the  image 
red.  The  renecting  teI»4cope  consists 
ncave  mirror  which  receives  light  from 
itant  object,  and  reflects  it  so  that  the 
>nverge  to  a  focus  and  form  an  image, 
lage  being  viewed  by  an  eye-glans. 
rrestrial  telescope  consists  of  two  tele- 
like the  preceding — which  are  called 
omical  telescopes,  and  give  an  inverted 
—the  second  inverting  the  inverted 
of  the  first,  and  so  giving  an  upright 
Eye-pieces     generally     have     two 

and  have  names  according  to  the  poni- 
'  the  focus.  Ramsden's  eye-piece  has 
nses,  the  focus  being  just  beyond  the 
9ns.     It  is  called  a  poailive  eye-piece, 

can  be  used  as  a  magnifying  glass, 
tens'  eye-piece  also  has  two  lenses,  the 
>eing  between  the  two.  It  is  called  a 
•e  eye-piece,  and  cannot  be  used  as  a 
fying  glass.  These  compound  eye- 
enable  us  to  get  rid  of  spherical  and 
itic  aberration.  The  achromatic  ob- 
ass  b  made  by  joining  together  two 

one  of"  flint  glass  and  the  other  of 
glass.  The  dispersion  is  made  equal 
jposite,  but  the  bending  powers  are 
if.  A  lens  is  equivalent  to  a  number 
una   placed   base   to   base,    the   outer 

havmg  a  greater  angle  to  cause  the 
)  bend  more,  so  that  all  the  rays  may 
to  one  point,  called  the  focus.  The 
fying  power  of  a  telescope  is  found  by 
ig  the  focal  length  of  the  object-gla.ss 

focal  length  of  the  eye-piece. 

ElquATORiAL  Telescope. — The  etfua- 
is  an  ordinary  telescope,  mounted  in 

way  that  it  can  easily  be  directe<i  to 
irt  of  the  heavens.  The  polar  axis  is 
il  to  the  earth's  axis,  that  is  to  say,  it 
ned  at  an  angle  equal  to  the  latitude 

place,  at  Washington  about  30^,  at 
n  about  51^°.     The  telescope    can    be 

round  the  polar  axis  in  a  plane  which 
iUel  to  the  earth's  equator,  and  this 
I  is  said  to  be  motion  in  right  aacen- 
The  telescope  can  also  be  moved  up 
>wn  in  a  plane  at  right  anirles  to  the 
I  equator,  and  this  motion  is  called 
I  in  declination.  Whatever  f)art  of 
ies  an  object  is  in,  the  equatorial  can 
(cted  to  it,  and  the  object  can  be  kept 
ntXy  In  view,  because  there  is  a  kinrl  of 
vtuch  drives  the  instrument  round  nt 
ne  speed  at  which  the  earth  is  turning 


The  Tranwt  Inbtrument.  — The  transit 
instrument  is  a  telescope  mounted  on  a  hori- 
Bontal  axis,  so  as  to  be  capable  of  moving  in 
the  meridian  only.  It  is  used  to  determine 
the  exact  moment  at  which  celestial  bodies 
cross  the  meridian,  that  is,  when  they  are  in 
a  true  north  or  south  position.  It  is  also 
used  for  determiningf  the  declination  of 
celestial  objects,  that  is,  how  far  in  angular 
measures  these  bodies  are  from  the  celestial 
equator. 

The  Sidereal  Clock. — Tha  sidereal 
clock  is  similar  to  an  ordinary  clock,  but  it 
is  regulated  to  keep  accurate  time  with  the 
apparent  diurnal  movements  of  the  stars, 
instead  of  with  the  mean  sun.  It  shows  the 
same  time  as  clocks  and  watches  only  once  in 
a  year,  namely,  at  the  Vernal  Equinox,  about 
the  21st  of  March.  It  gains  about  four  min- 
utes each  day  on  the  ordinary  clock,  and  in  a 
year  it  gains  a  whole  day,  so  that  there  are 
30G  sidereal  days  and  only  365  solar  days  in 
one  year.  The  sidereal  noon  occurs  when 
the  nrst  point  of  Aries  passes  the  meridian, 
and  the  hours  are  reckoned  from  0  to  24. 
The  time  by  the  sidereal  clock  at  which  a 
celestial  body  crosses  the  meridian  is  equal 
to  the  right  ascension  of  that  particular  ob- 
ject. Conversely,  if  the  exact  right  ascen- 
sion of  a  star  be  known,  the  error  of  the 
clock  can  be  determined  by  observing  a 
transit  of  the  star. 

The  Chronograph. — The  chronograph 
consists  of  a  cyhnder  covered  with  paper, 
and  made  to  rotate  uniformly  by  clockwork. 
It  is  connected  electrically  with  the  sidereal 
clock,  which,  as  it  ticks,  makes  dots  on  the 
paper  at  equal  distances  by  means  of  a  re- 
cording pen,  and  these  dots  represent  sec- 
onds. Fractions  of  a  second  are  recorded 
by  the  observer  touching  a  key,  which  causes 
a  second  pen  to  make  a  dot  on  the  cylinder 
as  it  turns  round.  This  dot  would  come  be- 
tween two  second  dots,  and  the  distance  is 
measured  from  these.  In  this  manner  the 
lio  or  jiAio  of  a  second  can  be  estimated.  The 
small  fractions  of  a  second  obtained  by  the 
chronograph  are  necessary  in  fixing  the 
right  ascension  and  declination  by  the  tran- 
sit instrument. 

The  Mickomkter. — The  micrometer  is 
used  for  measuring  small  area.  It  consists 
of  two  unres,  which  can  be  brought  together 
or  separated  at  pleasure  by  means  of  a 
screw.  An  equatorial  star  appear.**  to  move 
through  about  15°  in  one  hour,  1**  in  four 
minutes,  15'  in  one  minute,  or  15"  of  arc  in 
one  .'<econ<l  of  time.  The  <listance  that  the 
wire  m<ivcs  for  one  turn  of  the  screw  is  foun<l 
by  allowing  u  star  to  pass  from  one  wire  to 
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the  other,  and  then  allowinR  15"  of  arc  for 
every  second  of  tinie  taken  in  ho  doing.  The 
diameter  of  the  moon,  the  8un.  or  a  planet 
can  be  entimated  in  angular  measure  by  the 
micrometer,  and  then,  knowing  the  distance 
of  theiie  objects,  their  sise  can  be  calculated 
from  a  knowledge  of  the  relation  that  exists 
between  the  radius  of  a  circle  an<l  its  cir- 
cumference. 

The  Thkodolite. — The  the<HloIite  is 
used  for  measuring  horixontal  and  vertical 
angles,  that  is,  altitude  and  aiimuth.  It 
consists  of  a  small  telescor>e,  which  can  be 
moved  up  and  down,  and  the  inclination  is 
shown  by  a  gniduate<i  circle,  calle<l  the  alti- 
tude circle.  The  tcle»«coi)o  can  also  be 
twiste<l  aroun<l  a  vertical  axis.  an<i  the  an^- 
lar  distances  of  objects  from  the  north  t>oint 
of  the  horison  measured,  that  is,  azimuth. 

The  Sextant. — The  sextant  if«  chiefly 
emploveil  on  board  ship  for  observing  the 
altitude  of  the  sun,  lunar  distances,  etc.,  in 
the  determination  of  latitude  and  lon|ritude. 
It  consists  of  a  teIe.<4cope.  through  which  the 
observer  lor>ks.  Opposite  to  the  telescope  is 
a  mirror,  half  silvere<l  and  hnlf  plain,  so  that 
he  can  see  directly  through  the  plain  part  to 
an  object,  and  he  can  bring  a  second  object 
to  coincide  with  the  first  bv  means  cjf  a  sec- 
oml  mirror  attached  to  tne  movable  arm, 
which  reflects  its  light  on  to  thesilvere<l  part 
of  the  first  mirror.  an<l  from  thence  through 
the  telesco|>e.  The  reading  on  the  sextant 
then  gives  the  angular  distance  between  the 
two  objects. 

Verniers. — Verniers  are  <lividcd  scales, 
with  their  ilivinions  a  little  .-mailer  than  those 
on  the  main  scale  to  which  they  are  uttache<l. 
If  a  length  equal  to  nine  divisions  of  the  main 
scale  l>e  divi<le<i  into  ten  parts,  then  each  of 
these  latter  will  be  iV  less  than  the  former. 
In  general,  n  divisions  of  the  vernier  are 
equal  to  n  -  1  divisions  of  the  scale,  which 
enables  us  to  read  to  the  Tith  part  of  a  divi- 
sion, whatever  that  may  he.  If  the  <iivi- 
sions  on  the  main  scale  were  tenths  of  an 
inch  we  could  got  hundredths  by  dividing  a 
length  equal  t«)  nine  of  them  into  ten  parts, 
then  tho  differen<'e  between  the  lengths  of 
tiie-c  wmild  he  ,'«  of  ^„  of  an  inch,  that  is,  ,.',«. 

An';i  I  KH  Ml  \si  HKMENT.-  The  measurc- 
ni«'Jit  <tf  th«'  <li-r:mf'c-.  of  the  sun,  nM)on,  and 
|)l.iiift.-  'lr|)i'ri<l-  iMM>n  our  knowloilgc  of  the 
piopcrtii'^  of  t li.ir.L'Ir.-.  (  hir  knowledge  c)f 
tlir  >-i/i*  of  tin-  CI.  ill  :nii|  ntlier  Imdics  in 
"IKH'c  il».'i'«'"'~  ir  'M  :irii:ul:ir  IIn•!^^urcn^ent. 
(Mir  kiM'W  li-k'«"  "f  fill'  iiri--.  vuIuiik*.  and 
<l«'ii  iM-  <ii  ilir  -iwi.  iiii"in.  Mii'l  jijaiielx.  nnij 
o\('ri  'In*  Tin-  ••■■  ;iii'l  'li-':irn'i>-  nt  -hiup  of  the 
>tar-.  ilriuMil-   uj'mm  «»ur  jiImImn    |i>  mrji-nre 

JIIlL'Ii*-. 

Ml  \'  in  Ml  NT  or  TiMi.-  \ii  :iiui«-Tit 
riH'th'"!  of  HUM- Mr  iiiL'  tiiiir  wa^  l'\"  llu*  ijnn- 
riH'ti,  nu  ii|>riLrhi  -tii-k  in  ili«'  i!i°ouii<i  \\hi<*h 
ra-t  M  -h;nlo\v  of  tlii^  -ipi,  tin'  l<-iiyih  and 
lMi«.ifiiiii  of  whii'li  \aii(''!  a«ror-iiim  to  thf 
timo  of  ilay.  hiTui'  tlii'  -'in  <li:il.  (>tln'r 
ini'tiio'!-  I'ori-i-tt'.!  in  ili.mtini;  i-ahii-.  hiirri- 
iritr  <'"ini|i'-.  ;«ii  I  ilro:.;!-!!!;  \va:«'r  ft  ^an<l 
froin  oil'*  M--  fl  lo  aiio'lnT,  Im-ih  i-  •/• /-i* /«/-'! 
all'!  '"'/"-'//'"»>■.  «'tf.  ('Io«-k-  i"ii!i«'  iii'<-  ii-r  III 
liiiizlaii'l  in  tin*  four  fi-t-ni  h  ii-nnii\  ;  Nut  iii- 
hti'a'l  ol  a  immpIuImim  a  \;!»raiiriir  lionzontal 
bar  wa~  finrlovfil  I>i'\V\i'k'-  i"l"fk  'iali- 
loo  ■ii-c<»\  i-i('<!  tin-  |i«-iiiiiiluii:.  wlii'li  -Mi.'- 
go-Til  it-t-lf  to  liirn  li\   ril.-rt  \  ii.^r  a   »\v!rii:ii:k' 


lamp  in  the  Cathedral  of  Pi^a.  Hu>-riMtt 
found  that  the  vibrations  of  a  penduJaii 
were  not  equal  for  any  length  of  swing: 
hence  the  introduction  of  the  cyclmdal  pcD- 
dulum.  Hooke's  anchor  eflcapement  wv  the 
next  advance,  which  allowed  of  a  amaUtr 
arc  of  swing  and  eliminated  a  certain  amonot 
of  friction,  but  it  is  not  u.sed  in  the  ben 
clocks  because  of  the  rtcoii.  Ciraham  over- 
came the  recoil  just  mentioned  by  ii»inc  pal- 
lets whose  surfacee  were  arci*  of  circles,  hence 
dead-beat  eteapement.  The  chronometer  es- 
capement has  a  balance-wheel  in  place  of  t 
pendulum,  which  thus  admits  of  a  m'jre 
comi>act  arrangement  than  is  possible  in  i 
clock  with  a  pendulum ;  moreover,  it  will 
work  in  any  posititm. 

ALTrrrnE  ano  Azimi'th. — The  altitoHe 
of  a  celestial  object,  as  a  star,  u*  its  angular 
height  above  the  horiion.  an<i  its  cnmple* 
ment — or  that  which  is  required  to  make  it 
equal  to  a  right  angle — is  calle*!  the  tniA 
diBtance.  The  aiimuth  of  a  celestial  object 
is  its  angular  distance  from  the  north  point 
of  the  horison.  It  is  found  by  drawing  an 
imaginary  arc  from  the  lenith  point  through 
the  object  till  it  cuts  the  horiaon,  and  tbm 
measuring  the  angular  distance  between 
this  point  and  the  north  [Munt. 

The  Sphere  of  Obhehvation.— The  »p- 
iiearance  of  the  starry  .*phere  present?"  dif- 
ferent as|)ects,  der>ending  u|x>n  the  localitv 
of  the  observer.  At  Wa-'hington  the  nortn 
pole  is  elevate<i  about  39** above  the  horiion. 
at  liondon  about  51^*' above  the  horison:  \hv 
elevation  of  the  pole  always  lieing  equal  to 
the  latitude  of  the  i>lacc  of  rkb-ter^ation. 
The  celestial  equator  being  90°  ili^tant  frnm 
the  pole,  will  cut  the  horizon  of  l^tndnn  st 
an  angle  of  38^**,  and  that  of  Wa-^hinfftoo  st 
about  51°,  the  northern  »i<le  in  each  caM 
being  depresseii  below,  and  the  southern 
side  elevated  above,  the  horizon. 

Parallax. — The  moon's  place,  when 
looker!  at  through  a  telescope  from  I^ondon 
and  some  distant  place,  ax  Ca]*e  Town,  seem:* 
to  change — that  is.  the  tel€»scoi>es  contain  an 
angle.  This  containe<l  angle  b«  le«^  when 
the  sun  is  viewe<i  in  the  same  way.  but  when 
stars  are  looked  at  similarly  the  angle  di«|>- 
l>ears  altogether — that  is,  stars  have  no  par- 
allax, while  the  sun.  mcnm,  and  planets  have 
|)arallax,  or  angular  displacement  caused  by 
change  of  i>osition. 

[{ori'NniTY  OF  the  Karth. — The  concave 
heavens;  the  disapDcarance  of  a  ship  at  ^ea; 
the  extension  of  the  horizon  as  we  a.<«cen<i 
high  elevations;  the  frequent  circumnaviga- 
tion of  the  globe;  the  earth's  shadow  cast  by 
the  -un  upon  the  moim  during  an  eclipse: 
the  spherical  form  of  the  sun,  moon,  and 
planet"  -all  confirm  our  belief  that  the  earth 
i»  globular  in  form. 

M  \«.\iTii»E  OF  the  Kahth. — The  size  nf 
the  e:irth  is  foun<l  by  observing  a  star  in  the 
exact  zenith  of  any  place,  then  traveling 
alonur  a  diret't  north  line,  till  the  star  ha» 
>le>lini'<]  P  from  the  zenith,  and  measuring 
tIm-  .li<^tanee  traverse*!  This  distanre 
\%oiil.i  |i(.>  the  length  of  1°  in  miles,  and  VO 
tinier  that  length  would  give  the  circumfer- 
em  I'  of  tin?  earth. 

Pi  MdN^rH^TioN  of  Earth's  Hotation.— 
A  li''a\v  body  set  in  motion  tends  to  retain 
i»-  ■'ni.'inal  plane  of  motion.  Foucault'i 
l>f!i  inliirii   consists  of  a  heavy  ball  at  the 
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en«i  (»f  a  l«»n»z  wire,  supported  by  a  :-iecl  pivot 
on    an    ugutc    plane.     The    ball,    when    »et 
nwinginic.  ^eeni!*  to  chanee  its  direction  of 
swing  acrojis  a  graduated  circle  on  a  table 
bmeath  it.  but,  as  we  know  that  the  pendu- 
lum tends  t<i  keep  to  the  flame  plane  of  mo- 
ticm,  and  that  there  ia  m>  little  to  prevent  it 
from  doing  no,  we  conclude  it  is  the  earth 
vrhich  i»  turning  on  itft  axis  and  carryinf^  the 
t«ble  with  it.     The  gyroncope  l»  ementially 
the  same  as  the  i>endulum,  a  heav^  rotating 
diak  taking  the  place  of  the  swin^ng  bob  of 
the    pendulum.     The   rotating  diHk  in  sup- 
ported   inside   a   horizontal   ring,  this   ring 
Deins  in  its  turn  8upporte<i  by  knife  edges 
resting  on  steel  plates  in  the  circumference 
of  a  vertical  ring,  and  this  vertical  ring  is 
supported  by  a  torsionless  threatl,  so  that  all 
the  parts  are  nicely  counterpoised  and  are 
free  to  move.     A  pointer  attached  to  the 
-vertical  ring  is  found  to  move  over  a  grradu- 
ated  scale  at  the  same  rate  as  the  pendulum 
changed  its  plane  of  motion :  hence,  we  con- 
clude that  it  is  the  earth  which  moves,  be- 
caucie  we  know  that  the  rotating  disc  holds  to 
its  initial  i>lane  of  motion.     The  rotation  of 
the  earth  on  its  axis  furnishes  us  with  an  in- 
valuable unit  of  time. 

Revolution  or  the  Earth  i.n  its  Orbit. 
— The  stars  which  are  seen  nearest  to  the 
■un  after  sunset  at  different  times  of  the  year 
are  not  the  same,  but  belong  to  <lifferent 
sins  of  the  lodiac.  This  change  of  position 
of  the  sun  with  respect  to  the  stars  takes 
place  at  the  rate  of  about  1^  a  day,  so  that 
the  whole  heavens  appear  to  revolve  once  in 
a  year  inde|)endent  of  their  diurnal  revolu- 
tion. This  is  due  to  the  real  revolution  of 
the  earth  in  its  orbit.  The  stars  appear  to 
describe  little  ellipses  in  the  course  of  a  year, 
but,  as  a  matter  of  fact,  it  is  the  light  com- 
ing from  the  stars  that  is  displaced  by  the 
motion  of  the  earth  in  its  orbit,  the  form  of 
this  orbit  being  elliptical,  so  that  the  star's 
position  is  changed  in  such  a  way  as  to  pro- 
ject an  ellipse  similar  to  that  which  the 
earth  traces  out.  This  phenomenon  is 
known  as  the  ahfrration  of  light,  and  was  dis- 
covered by  Bradley. 

VELOdTY  OF  Light. — Fixcau  determined 
the  velocity  of  light  by  reflecting  a  spot  of 
light  from  a  mirror  at  one  station  to  a  second 
mirror  at  a  distant  station.  The  liffht  was 
brought  to  a  focus  at  the  required  i>oints  by 
means  of  lenses.  A  toothed  wheel  who-^e 
revolutions  could  be  registered  was  so  placed 
that  its  teeth  revolved  in  the  focus,  and  the 
•pot  of  light  could  be  seen  between  two 
teeth.  It  was  possible  to  turn  the  wheel  so 
quickly  that  the  spot  of  light  was  stopped  by 
a  tooth  coming  up  before  it  could  pass 
through.  The  distance  between  (he  sta- 
tionsDcing  known,  and  the  rate  at  wliich 
the  wheel  turned,  the  velocity  of  light  could 
be  found.  Foucault's  methoil  consisted  of 
a  rapidly  rotating  mirror,  on  which  u  beam  of 
light  was  admitted  through  a  slit.  It  was 
then  reflected  on  to  a  lens,  after  which  it  was 
brought  to  a  focus  on  a  c«>ncave  mirror  ut 
some  distance.  It  was  foimd  po^i''i))le  to 
turn  the  mirror  so  quickly  that  it  moved 
through  a  small  angle  before  the  spot  of 
light  returned.  The  distance  between  the 
muTors,  the  rate  of  rotation  of  the  mirror, 
and  the  amount  of  displacement  beiiiK 
known,  the  velocity  of  light  could  be  e>fi- 
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niatC'l.  Iho  \el<)<ity  ut  lijthf  uikI  tlio  aberra- 
tion angle  being  known  the  hun'^  distance 
can  be  foun<i. 

(1)  The  ratio  of  the  velocity  of  light  and 
the  earth  in  its  orbit  as  determined  by  ob- 
servation is  as  10.089  :  1. 

(2)  The  earth  completes  its  orbit  in  3G5i 
davs. 

(3)  Light  would  rlo  the  same  journey  in 

To;^^*^- 

(4)  Knowing  the  time  it  would  take  to 
complete  the  revolution  we  can  And  how 
long  it  would  take  to  cross  the  diameter,  and 
therefore  the  radius. 

(5)  We  multiply  the  number  of  seconds 
taken  by  light  to  cross  the  radius  of  the 
earth's  orbit  by  the  velocity  of  light,  and  it 
gives  us  92,628,000  miles  as  the  sun's  dis- 
tance. 

The  Si'N'  NOT  always  at  the  Same  Dis- 
tance PROM  the  Earth. — In  the  Nautical 
Almanac  the  sun's  apparent  diameter  is 
given  for  every  day  in  the  year.  The  ap- 
parent <iiameter  was  32'35.2''on  January  3rd, 
1904,  and  on  •luly  4th  of  the  same  year  it  was 
only  3r30.7".  This  proves  the  sun  is  farther 
away  from  us  in  summer  than  in  winter. 

Perihelion  and  Aphelion. — When  the 
earth  is  nearest  to  the  sun  it  is  said  to  be  in 
Perihelion,  and  when  farthest  from  the  sun 
it  is  said  to  be  in  A  phelion. 

The  Earth  Moves  with  varying  Ve- 
locity IN  ITS  Orbit. — This  is  ascertained 
by  measuring  the  sun's  longitude  for  two 
successive  days  at  different  times  of  the  year, 
by  which  means  it  is  found  in  December  to 
move  over  Cl'lO-O"  within  a  period  of 
twenty-four  hours,  while  in  June  it  only 
moves  over  57' 10.8"  in  the  same  time. 

Kepler's  Law  of  Eqiial  Areas. — Kepler 
found  that  the  line  joining  the  center  of  the 
sun  with  the  center  of  the  earth  moved  over 
equal  areas  in  equal  times,  that  is,  the  greater 
distance  of  the  earth  from  the  sun  in  June 
compensatcil  for  the  smaller  arc  of  motion 
in  longitude,  so  that  lines  drawn  from  the 
sun  to  the  extremities  of  the  arcs  moved 
over  make  equal  triangles. 

How  THE  In<'LINAT10N  OK  THE  EcLIPTIC 
TO  THE    PlJiNE   OV  THE    EaRTH's    EqI'ATOR    18 

Determined. — The  elevation  <jf  the  sun  above 
the  horizon  is  meu^ureii  by  the  shadow  cast 
by  the  pionion,  or  the  north  |>olar  distance  is 
ast^ertamed  by  the  transit  instrument  for  each 
day  in  the  year.  In  cither  case  the  sun  will 
be  found  to  oscillate  backwanis  an<l  forwards 
over  an  arc  of  about  47®,  half  of  which  arc  is 
the  inclination  of  the  ecliptic  to  the  equator. 

NoDKH. — The  two  points  where  the  plane  of 
the  ecliptic  crosses  the  plane  of  the  celestial 
equator  or  equinoctial  are  called  node*,  that 
i)oint  at  which  the  sun  api>ears  to  come  up 
from  below  the  equator  being  calle<l  the  a«- 
cendina  w>de,  and  that  at  which  the  sim  ap- 
|)ears  to  descend  from  above  the  same  plane 
neing  called  the  dencendinq  fiode. 

TiiK  First  Point  of  Ahikh. — The  anrend- 
inti  nftde  above  referretl  to  is  the  /»»/  jutint  of 
Aries.  It  i-<  !miver»<allv  used  by  astronomers 
for  fixine  the  longitudinal  and  right  ascen- 
sion of  celestial  l»«MJies. 

TlIK    SlMKHK^L,    Soi.AH.    AND    MfAN    SoLAR 

Day.  The  sidereal  <iay  i>  the  interval  which 
elapses  between  two  sucfO'-ive  ap)>earanee8 
of  the  same  *«tar  ou  the  meridian.     The  solar 
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(lay  is  the  interval  which  elapses  between  two 
successive  appearances  of  the  sun  on  the  meri- 
dian, but  tneee  are  not  of  the  same  len^h. 
The  mean  solar  day  is  the  interval  of  time 
obtained  by  addins  all  the  solar  days  in  a 

Kear  together,  and  then  dividing  by  the  num- 
er  of  days  in  a  year. 

Equation  of  Time. — The  inequality  of  the 
solar  days  arises  from  two  causes,  namely,  the 
Miquity  of  the  ecliptic  to  the  equator,  and  the 
unequal  velocity  of  the  earth  in  iit  orbU,  The 
etjuation  of  time  is  the  algebraic  turn  of  these 
two  variables — that  is  to  say,  sometimes  they 
both  cause  the  sim  to  come  too  soon  to  the 
meridian;  at  other  times  one  causes  the  sun 
to  come  up  too  soon  and  the  other  too  late. 
In  the  former  case  the  sum  of  the  two  correc- 
tions, and  in  the  latter  case  the  difference  of 
the  two  corrections,  is  the  equation  of  ti^ie, 
and  so  on. 

The  Skasons. — The^  seasons  are  the  result 
of  the  revolution  of  the  earth  in  its  orbit  and 
the  inclination  of  the  ecliptic  to  the  equator. 
The  sun  on  this  account  attains  ditTerent 
heights  above  the  horizon,  giving  different 
len^hs  of  day  and  night.  By  reason  of  its 
p:ivmg  to  the  earth  more  heat  in  the  day  than 
it  loses  by  radiation  in  the  night,  and  vice 
verea,  we  have  summer  or  winter  as  the  case 
may  be. 

The  Year. — The  ordinary  or  trojrical  year 
is  the  period  which  elapses  between  two  huc- 
cesi«ive  api>earances  of  the  sun  at  the  vernal 
eouinox.  The  anomalintic  year  is  the  period 
which  elapses  between  two  successive  returns 
of  the  sun  to  his  jxri^ean  point.  The  sidereal 
year  is  the  time  which  elapses  between  two 
successive  appearances  of  the  same  star  on 
the  meridian  at  the  same  time  of  day. 

pRKCESHioN  AND  NuTATiON. — The  sun  and 
mrMjn  attract  the  protuberant  portion  of  the 
earth's  equator  more  on  that  side  nearest  to 
them  than  on  that  side  farthest  away,  and  in 
this  way  the  difTerential  attraction  tends  to 
tilt  the  axis  a  little,  s«)  that  it  describes  a  cir- 
cle in  about  25,S00  years.  The  m<M)n's  tliflfer- 
ential  attraction  is  greater  than  that  of  the 
sun.  On  account  of  the  moon  ('ontinually 
ciianRinK  its  relation  to  the  earth's  equator, 
it  raiiscs  the  axis  of  the  earth  to  (lescril)e  a 
circle  with  a  wavy  circumference,  to  which 
effect  the  term  nutation,  or  luxidiuK  of  the 
earth's  axis,  is  applie^l. 

AsTitoN{»viir"A.L  Symhoij^  anm)  Ahbrkviations. 
0       The  Sun.        "     Decrees. 
C       The  Moon.     '      Minutes  of  .\rc. 
^        Mercnrv.        "    Secon<ls  of  .\rc. 

V  Venu«.  N.  North.      S.    South. 
4* or  *  TheKarth.    K.  Kast.         W.  West. 

'  Mars.  ° 

^,'  Jupiter.  0.  f  .\riefl 0 

h  Saturn.  I.  H  Taurus 30 

l;l  I'ranus.  II.  II  (leniini r>0 

V  Neptune.  1 1 1,  zi  (^ancer 00 

'  Conjunction.      IV.  Q  I.eo 120 

n       Quadrature.         V.  Ill)  Virgo 1.50 

V  ()[>p<)sition.        VI.  <j:  l/ihra ISO 

•?^       Ascen<linK       Vll.  Ill  Scorpio 210 

Node.  VIII.   /Sagittarius   .240 

l^       Descending       IX.  '^  Capricornus.  270 

Node,  X.  ~  Aquarius.  .   .300 

h    Hnijrs.  XI.  K  Pi>ces 330 

ni  .Minutes  of  Time, 
s    Seconds  of  Time. 

l.\TiTri>K.  l-<»\(;iTij»K,  HTfiMT  .Ascrvsiov. 
AM>     l>K('Li.NAi ION.  -  Tprre->t rial    l:ititu«!e     is 


measured  from  the  equator  to  the  poles,  nculh 
and  south.  Terrestrial  longitude  is*  in  Eog- 
land,  measured  fnun  the  meridian  of  Green- 
wioh,  but  other  coimtries  use  their  own  ineri> 
dians.  Ri||ht  ascension  is  measured  froa 
the  first  point  of  Ariea.  Declination  is  meai- 
ured  from  the  celestial  equator.  Celestial 
longitude  is  measured  from  the  finit  point  of 
Aries.  Celestial  latitude  is  measured  from 
the  ecliptic. 

Variation  in  the  Lkngtk  op  Degrees  ot 

Latxtitde. 


Country.       I^atitude. 


Lensth 
of  De- 
gree in 
Feet. 


Obser*'er. 


Sweden.  . . 
Denmark. . 
England  . 
Indfia  . . .  . 

Peru. 

Cape  of 
GoodHope 


// 


N.6C2010 
N.54  813.7 
N.  52  35  45 
N.  12  32  20.8 
,S.     131   0.4 


365,744  Haupertuifi 
365.087  Schumacher 
364.071  Roy 
362.956  Lamhton 
362.790  Lacondamine 


S.  3318  30      364,713i  I.Acaille 


.J 


Experiment. 


Mean 
Density. 


Schehallien |  5.01 

.Attraction  of  leatlen  ball  5.48 

Ditto.  rej>eated i  5.tUi 

Ilarton  coal-pit 6.56 

Probable  value ■  5.63 


Obeener. 

Ma.«kelyn« 
CavewiK'h 
Baity 
Airy 


t_ 


Measurement  of  the  Size  of  the  Srx 
AND  Planets. — The  ratio  between  the  radius 
of  a  circle  and  its  circumference  is  always  the 
same,  no  matter  how  large  or  small  the  circle 
may  be.  Thus,  an  arc  of  57.2958*  on  any  cir- 
cle is  equal  in  length  to  the  radius  of  thst 
circle:  and  if  this  be  reduced  to  secondii  ol 
arc,  we  get  206,265''  as  the  number  of  secoodfi 
in  a  length  of  arc  equal  to  radius.  The  mean 
angular  diameter  ol  the  sun,  as  measured  by 
the  micn>meter,  is  a  little  over  32^  of  arc. 
We  may  consider  the  sun  to  form  part  of  the 
circumference  of  a  circle,  with  its  distance 
from  the  earth  as  radius.     There  are  1920^'  in 

32',  and  '  —108  nearly;  hence  the  dis- 
tance of  the  earth  from  the  sun  is  108  times 
the  diameter  of  the  sun,  whatever  that  may- 
be. But  we  know  the  distance  of  the  sim  to 
be  92,885,000  miles;   so  that  the  diameter  of 

the  sun  m\3»t  be       ' -qJ       <=  860.000  mUes. 

The  same  method  applies  to  the  planets  and 
their  satellites  as  well  as  to  the  sun.  The 
aninilar  diameter  of  the  body  being  measured 
in  seconds  of  arc,  it  bears  the  same  rati<i  to 
20(),2(V5  (the  number  of  seconds  in  a  length  (rf 
arc  equal  to  radius)  that  the  diameter  in 
miles  bears  to  the  distance  in  miles;  or.  calling 
t  he  actual  diameter  </,  and  the  real  distance  D, 
.  ,     DX  angular  diameter      -^ 

we  have  a  — gQA  265 *  *"  ^^' 

ample — the  moon,  in  round  numbers,  is  240,- 
(MK)  miles  distant,  and  its  angular  diameter  '» 
a  little  over  31';  hence,  by  the  formula,  its 
diameter  is — 

.    240.000X1860     .,.,      ., 

^ 206:265- -2^^°***^ 

Densftt  of  the  Earth. 
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■  n    tbe  eniire   period    i: 

Hut    tht   ulanet    haji    m. 

474.2°  in  tBe  HUne  time,  twee  the  periwl  <if 
the  planet  is  tu  that  of  tbe  eulh  u  114.2°  ; 
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nude.  7f.  I>Hle  when  the  »un  ir  at  the  node. 
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(Cu-rinBton),  25.3S  days.  Time  of  ivtatiun  ot 
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at  latitude  20°.  25.7fi  dayx.  Time  of  rolatioii 
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numbers  aie  samewfast  doubtful,  the  fonnulr 
of  various  authorities  giving  results  •liHeriti* 
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N«ne. 

M«nD><- 

Sidereal 

Time  of 

Axikl 
RoUtiotu 

ReiJ 

in  Miles. 

V.™,. 

U.7 

»■ 

213Tt 

O.ISJ 
M 

M;»ur,::;::;:::| 

88 

lOJM 

; 

4 

SO 

i| 

OM 

1 

»0.4 

79a.  z 

S.w  ^ 

THE  SOLAR  S\'STEM. 


141.000.000 
480,000,000 

88 1.000.000 


II KEEK   ALPHABET. 


THE 

0  ;    Omior™                •  *    pCT 

l';£..          JJ?S: 

1  (    BipiUk                   0  .    UHMM- 
PIUNCIPAL  STARS. 

„  OjnI.  Minpri^DMIeDog.Procy™. 

n  Cuiiun .      Venmtico 
n'  rapripnnil— Sea  Goi 
»  ('»«i..pein^-mii^op 

""" Cor  CMoli. 

„<>[,hel-Cephe„... 

-If 

ysnd 

'   -.  Cniipri— ("up.  ..'.  ..          "aiKUT' 

■   -,  ryam  -8«-«i. Arided.  Iteneb  AJiiK- 

V..U.  nr^  p»'»bly  tqiul  to  llwlt  period*  of  nio- 

— KtiohMuc  Dial 


and  Scienlific  ff«Agai. 
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NAMES   OF  THE   PRINCIPAL   STARS.— Continued. 


f    CyKui — Swpn Albireo. 

I>raconis — Dragon Thuban. 

t  ••         Alwaid. 

Etanin. 

1^     Eridani — River  Eridanus.  .Cursa. 

r  *\ Zaurac. 

r     Geminnnim — Twins Castor. 

r  •  •  PoUux. 

r  "  Alhena. 

B  ••  Wesat. 

r  •  •  Mebsuta. 

«     Herculis — Hercules Ras  Algethi. 

9  "       Komeforos. 

fc     Hydne — Sea  Serpent .  .  Al  Fard ,  Cx>r  H  ydrae. 

»     Leonis — Lion Regulus.  Cor  LeonLs. 

9        "      Deneb  Aleet.  Denedola,  Deneb. 

9-       •*      Algeiba. 

•       *  *      Zosma. 

<*■    Leporifl — Wolf Ameb. 

*E    Librae — Scales Zuben  el  Genubi. 

t»      •*     Zuben  el  ChamaU. 

9-      "     Zuben  Hakrabi. 

^   LjrraB — Lyre Vega. 

la      '•    Sheliak. 

^-     •*    Sulaphat. 

*%  Ophiuchi — Serpent  Bc»,rer.Ra8  Alhague. 

dS         •*        Cebalrai. 

■^  Ononis — Orion Betelgeux. 

4S       ••      Ri«el. 

a-       ••      BeUatrix. 
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Orionifl — Orion Mintaka. 

•  *      Alnilam. 

Pegasi — Pegasus Markab. 

'*     Scheat. 

Algenib. 

Emf. 

Homan. 

Persei — Perseus Mirfak. 

Algol. 

Piscis  Australis — Southern 

Fish. Fomalhaut. 

Sagittarii — Archer Kaus  Australis. 

Scorpionis — Scorpion Antares.      Cor 

Scorpionis. 

Serpentis — Serpent Unukalhai. 

Tauri — Bull Aldebaran. 

Nath. 

Alcyone  (Pleiad X 

Ursffl  Majoris — Great  Bear.Dubhe. 

.  ••  "       Merak. 

••       ..., Phecda. 

••       AUoth. 

Mixar. 

Alkaid.  Benetnasch. 

." Talitha. 

Ursae  Minoris — Little  Bear, Polaris. 

;•      .    "      Kochab. 

Virginis — Virgin.  .  ..Spica  Asimech,  3pica. 
* '      Zaviiava.' 

*  *      Vindemiatrix 


<  < 
« < 


*  t 
« • 
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MAGNlTUDEiS  AND  DISTANCES  OF  SOME   OF  THE   STARS. 


POUARTB  (alpha  ITRSm  MINORIS),  THE  NORTH 

-  STAR. 

The  parallax  is  (T.OTSicy.OlS,  according 
to  Pritchard  (1888).  This  parallax  repre- 
sents 2.318,000  times  the  distance  of  the 
Earth  from  the  Sun,  or,  in  other  words. 
Polaris  is  distant  210,000,000,000.000  of 
miles.  Estimating  the  velocity  of  light  as 
187.500  miles  per  second,  the  light  from 
Polaris  would  take  thirty-six  years  to  reach 
the  Earth.  An  express  train  traveling  a 
mile  a  minute  would  nave  to  run  without  stop- 
ping for  479.(X)0,000  years  in  order  to  tra- 
verse this  distance. 

ARCTURUS. 

The  parallax,  as  determined  by  Elkin  in 

1888.  is  0'.018±0*.022,  and    by    Peters,  in 

1842-43.     as    0*.  127  ±0^.073.     The    average 

O'.094  would  make  the  distance  of  Arcturus 

from  us  to  be  2,104,1(X)  tiroes  the  distance 

from  the  Earth  to  the  Sun,  or  200,000,000.000.- 

(KK)  of  miles;  and  taking  the  velocity  of  lisht 

fta  187,600  miles,  it  would  require  thirty-four 

years  and  six  months  for  the  light  to  reach  us. 

VEGA. 

This  was  the  polar  star  of  our  Earth  14,000 
^'ears  ago,  and  will  again  be  the  polar  star  in 


about  12,000  years.  The  parallax  of  Vega, 
which  is  (T.IS,  represents  1,375,(XK)  times  the 
distance  of  the  Earth  from  the  Sun,  or  12,(XX),- 
000,000.000  of  miles.  It  takes  twenty  years 
and  eight  months  for  the  light  from  Vega  to 
reach  us.  estimating  the  velocity  of  light 
187,500  miles  a  second. 


as 


•  ALTAIR. 

The  parallax,  according  to  Flkin  (1887),  is 
0*.199±0*'.047.  Taking  the  average  between 
the  parallax  of  Struve,  0*.181±(y'.094,  and 
that  of  Elkin  as  0^.19.  the  distance  would  he 
1,086,000  times  the  distance  of  the  Earth 
from  the  Sun.  or  1 00.0(X),0(X),000,000  miles. 
It  would  require  a  little  over  seventeen  years, 
for  the  light  of  this  star  to  reach  u.s. 

8IRIU8,    THE    DOO    STAR. 

The  parallax  is  0''.266±0*.047,  according 
to  liUkin  (1888).  Taking  the  average  parallax 
of  several  observ'crs  as  O'.ZS,  it  would  repre- 
sent 625,(XX)  tiraeM  the  distance  of  the  Earth 
from  the  Sun,  or  58,000.000,000,000  of  miles. 
The  light  of  this  star  would  require  nine  years 
and  ten  months  to  reach  us.  It  is  supposed 
the  diameter  of  Sirius  is  about  twenty  times 
that  of  the  Sun,  and  the  volume  of  Sirius  is 
possibly  7,000  times  greater  than  our  Sun. 


DIRECTIONS    FOR    USING    THE    STAR    MAP. 


Traced  in  dot  and  dash  lines  on  the  arcom- 
Ekanying  star  map  are  a  series  of  ellipses. 
♦"roni  tne  points  where  these  ellip-^s  come 
nearest  to  the  edge  of  the  map,  arrows  project 
Radially  to  the  names  of  the  month-*  which  are 
printed  around  the  map.  Each  ellipse  marks 
the  extent  of  the  heavens  visible  at  nine  o'clock 


p.m.  of  the  first  day  of  that  month  toward 
which  itb  arrow  points.  To  avoid  confusion, 
the  best  i)lan  i^5  to  cut  in  a  piece  of  stiff  paper 
an  oval  opening  of  the  exact  siae  of  one  of  the 
ellipses,  and  to  place  this  over  the  map,  so  as 
to  expose  to  view  only  that  nortion  of  the  map 
which  Tepresenl?  iVvfi  NY!Vi^:Nfe  "W».N«ve.  ^  ^^ 
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time  of  (he  obi«rvation.  The  m*p  nhoulii  be 
held  with  the  armw  pointing  towurd  the 
South,  then  contniry  to  riwlum  in  aeMrapb- 
1C&1  maps  the  East  will  I.e  on  the  left-hand 
Ki.<e  and  the  Weal  on  the  right-hand  side. 
This  if  due  to  the  fact  that  the  heavenx  Hre 
-  '     - '  '    whereas  the  map  in 


that  iucluded  within  the  ellipee  wboM  v... 

taints  to  Dec«mbflT^     Then  when  the  ma^i 
eld  overhfltd  with  the  arrow  TKHnti         ^ 
it  *iU  be  possible  to  pick  out  the  na 
at  that  hour  and  date.     As  time  pi 
ellipxe  mnn  be  slowly  moved  eestwar 

15  degrees  per  hour^so  tlut  ti 


STAlf    MAP    l)F   THE    HE, 
ir-iHiinl  Alan.  Bn<i  liflhio&itiiiluiU  •iius\iv  t^uvs. 
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'Wmi  to  tb«  MUrt  nt  tb«  pon- 
t  of  Dnwnbcr  at  nine  o'elncli,    I 
rod  of  thirty  dayii  it  vnuld 
cidenc«with  the  tlliiiee  traced 

■  dwenplions  of  Hie  heavens 

if  the  months,  hut  it  will  be 
!  nme  deKription  vnuld  apply 
iiiEbte  at  aifht  o'chKk  no  the   I 

Sth  atid  1 1  o'dodc  on  the  firat 

faTGUtt  Bear.  I'm  Mtjor. 
ell  above  the  hohion.  in  the 

Poinlon.     ■ 


i  Cania  Major^   the 


south.  Very  hiith  in  Ihn  aoulheast  we  Rnd 
the  Twins,  Ocmin^  with  the  twin  slwv,  Cutor 
and  PoUim,  and  below  them  the  Little  Do«, 
fanu  Minor.     The  Sea  Serpent,   //^ro.  is 


Ma'hch.— The 
iJi'theMrt^le"' 


Vrm    Major. 
The  ilncon. 


f     overbead.     The     Wingeij 
hie  be«4i  cloae  by  the  wevtem    ' 
ir  the  Jar  □!  the  Water  Bearer, 


riopeto,  the  Seated  Lady,  benl 
rtmeda^   the  Chained   Lady,  is 


Its  leading  bri 
thweyt  the  Grei 


■iMtriid  Sinu*  (' 
m   lav   '      ' 
ntlr. 


Utile  Do«.  Canii  Mm 


Orion 


In  the 


in  the  nonheaat.  hia      nn  hiK  . 
Raven, 


^^."^e'cVab :  above  ai 
lad  above  them  the  Charii 
B  brisht  Capella.  nearly 
I  la  nsing  in  *^*  nnrtk*>A 
nliu,  beioc 

ne  Oieat  Bear.  Vrta  Major. 

dheOTen.    The  Draim,  Dt™. 
■hfB    Little    Bear    towan) 
M  nortbweiii,  fairly  hish 
tia.  the  Seated  Ijiily,  ani 

w.     Andromfda.  the  Cha 

ataiopeia'x  left.  Attove 
nif,  the  ReMuini  KnifthI 
Cbatioti 


the 


....    ..(    , 

.the  ■mall  eoi 

KThale.  Cifua.  1 
tbweslerly  !«ky 


iidromeda 
Hi  ell  at  ion  ' 
Tr>«Br.l  I 


t  known  hv  the  l'loi..de-»hd 
•barui.     Uuec   by   llie    i'lkt 


h  him  the  Hare,  and  in  the  soi 
of  the  River,  Fndanui.  1 
irt  of  the  Star  Ship,  Arao  bei 
^-"- ■--  <■-  ■o,Co;i»i 


Major,  with  the  splerulid  Siriufl.  obief  of  aU 
the  atars  in  the  aky,  markinR  hia  mouth. 
High  up.  •  little  weet  of  north,  is  the  Little 
Doc.  Conia  JVinur,  and  higher,  a  little  east  of 

(ir.n.  ka  it  wai'  called  of'ohl,  with  the  (iiett'y 
rlifter,  Pnwirpr.  or  the  Beehive.  The  Sea 
em  llmlra.  is  rearinR  hi.  lona  neek  high 
e  the  horiion,  beannK,  ahinirdly  enouiih. 


r  Crow, 


Pol'e'Stai 


le     oranve-yellov     brillian 

;re8t"'BAr!*'(.V«  'SfoJ^.'  i 
Kiint  overheail.  the  Fointen 
eclly  downward  toward  Ih 


nid<ly  Aldebaran.     Orion 
heavena:  the  Little  Dog.  ( 


alH)    orltinif.     The    Sea'    H. 
iw  »buWB  hu  full  lenglh.   i 
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his  liciul  liijrh  in  the  south.  Obj^rve.  the 
(larkno.-s  <if  the  rcjrion  aniund  his  heart. 
Afffini.  the  .Silitary  One.  The  Cup.  Cralrr. 
jiri'i  (Vow,  Curvnit.  Muiui  on  liis  back.  The 
Sirkle  i«i  the  Lion,  Leo,  now  t(tan<ls  with 
hnn<lic  uprifcht.  due  -ouih.  l)elow  the  tail 
vtar«  of  the  I-.ion  we  nf  the  VirKJn.  Virffo. 
Thi*  H«"nl-ni;in.  BtHttiH.  Mtill  on  his*  Imek  pur- 
Mi(>4  in  th:it  Mrikini;  :tn«l  effect ivn  po»itio.i 
tliotlreai  lioar.  IJelow  the  shouhlcr  ?itars  f»f 
the  ller<l>nijin  we  >ce  the  <'n>wn,  Cormui 
HortiiliM,  nr*Jir  whirh,  on  the  riicht.  low  down 
;uid  due  eat.  the  head  of  the  Seri>ent,  Ser- 
prntt,  i«*  ri^intt. 

May.  -Thetlreat  Hoar.  I'rM  .Vrt;V»r.  is  now 
at  it<  hiirho:^!  and  nearly  overliead.  the  Point- 
ers ainiirm  <lownwanl  from  hish  up.  shshtly 
wi»si  «if  due  north.  Hclow  the  L'ntle  Hear  we 
linrl  (^rp^ifiin  low  ilown  to  the  eiL-Jt  of  north, 
ami  Ciisit'oiifiti  low  down  to  the  we.'^t  <if  north. 
Prriit  nif,  the  KeM-uor.  i-*  setting  in  the  north- 
wf^t.  Tho  Charioteer,  Auriga,  with  the 
bncht  Capolla.  ix  n«*arinK  the  ni»rthwestern 
hori/.on.  fillowe-l  by  th«*  Twins.  Ovmini,  in  the 
we-t.  Further  west  'unl  higher  we  fintl  the 
Crab.  CanrfT,  Iwlow  which  i.-  the  Little  Dor, 
('(tn.i*  Mitiirr.  The  southwestern  sky  ih  very 
bafrrri  of  bright  star".  Alfttnf,  the  heart  of  the 
Soa  ^f«TI>ent,  //.V'/'vi,  shiniiiK  alone  in  a  fncat 
blank  >pace.  .\b»ve  the  Sea  S*»rpent*--  head 
V,''  svr-  tho  Sirkh'  in  the  Lion,  I,ro.  hini'<elf 
<tn'trhinc  hi^'  triil  to  due  south,  very  hiRh  up. 
In  till*  -outh.  lnwer  ilown.  we  find  the  (.'row, 
CnrruH.  and  the  Cup.  (.'rnfrr.  on  tho  Serpent's 
back:  tho  \irtfin.  \ir'jo,  oxtcMidint;  in  the  mid- 
hetiven.-'  from  -ouihe-i-^t  fo  south.  l)otween  the 
l.iou'^  mil  :tii>l  till"  Cpiw.  Ill  tho  .smue  diree- 
lion.  but  liiw  down,  wo  find  tholieatl  and  bu<ly 
of  tho  Contaur. ''»/#/if »//•»/*,  .-sUppo^d  ti»  have 
tyjiitio.l  tlu"  pairi.'irrhal  .Noah.  In  the 
^i)Mtlioa-T  t!io  Sciirpioii  i>.  ju-^t  Ite^inninK  to 
appoMr,  and  botwi***!!  tho  head  of  .S'/'«r/;#'«i  aiiil 
the  \'-r<rin's  thIk*-  wo  .-co  tlio  -^tar*  of  the 
Si-aN*.-.  Lii'tii.  1  )u<'  fa-t.  l<iw  il«iwri,  i«i  the 
S^Tponi  hoaror.  Ofifi iiirliwi,  mi  hi'^  l»a«*k-  'tis 
the  ru-f Miliary  atiitudi'  of  hoavonly  IhhHo*; 
wh»'ii  ri-iiiir.  Tho  Srrpont.  Str/tcni*,  hold  by 
hill)  i>  -•■I'll  (Mil  viiii»  upward  tnwanl  tho  Crown, 
I'f.ii'i-i  H"!-' II  fin.  Tho  Sorpoiit  ■-  ho.'nl  i-  tlue 
\v«'^t.  .111.1  ;d»<ivo  it  VM'  .-Of  tho  hriuht  .\rotiiru-. 
r'm  I  liiilliarit  nf  i!i<'  Ibrd-maii.  /^»f»^.•^.  In 
t  lio  II-  •:»  Ihti-i  '■..  lit  It  •//#.<*.  |ii~  ln'.Mij  rjn-i'  fii  tho 
<•!  thi-  .S'lni-iit  lii-aM-r.  Mi'iio.nh  hi* 
thi-  L\  H".  /-■.'■■;.  \\'tli  (||i>  hriiliant  \'o^ri ; 
ii>  -^.w.iii.  '■•,.;/    I.-.    Ii:i-   ;d'i-i-lv   hall'  ri-on 
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back  we  find  the  Ciin,  Cratrr,  and  the  Crn^. 
Corru9.  in  the  fHiuthwcMt  and  to  the  houiL  i-: 
s'luthwest    respectively.     AlK»ve    thcjv   cf-n- 
<it4iUut ions    the    N'irpin,     Virpo,    iiccupie*  the 
nii<lheaven-.     Above  the   Virgin  we  ?«e  tbf 
llerd.'«rnan.    Jio<->ti'»,    hi.-*    head    and    shuul'ler- 
nearly  overhead.     Luw*  down  in  the  ^uth  i« 
the  Centaur,  Cmtaurua^  bearing  ou  bis^  fvtix 
the  Wolf.  LnpuB.  u.s  an  ofTcrins  fitr  the  .\ltv, 
<4m,   which,    however,    is    invi>ible  in  tbe« 
latitudes.     Above  tho  Wolf  _we  sec  the  Srak^. 
Lihm,  while  the  Scorpion.  Scorpio,  one  <d  thf    i 
few  constellations  which  can  at  once  Ije  rrc>-«-    ' 
nixed  by  itr«  shai>e,   is   risine  bidefully  in  tbt 
southeast.     Te    Ser|>ent     Bearer.    0/»/«'iir/iw.     ' 
bears  the  Sen^ont.  Srrpetia.  in  the  niidheaveii^ 
toward    the    fw^uthex^t,     the    Crown.    Corom     . 
HiTrtdis,  l>eing  hi^h  up  in  the  ea^t.  rln^e  by  ibe    I 
Scn»^nt'»  head.      Lt>w  down  in  the  ea*t  i.-i  tbe     , 
Knirlo,  Aquila,  with    the   fine  r>teel   blue  <iv     - 
.\liair,  the  Swan  on  the  left  about  niirtkea-T,     ' 
and  abo\*c  it  the  J^yre.    Li/ra.  with  the  still 
more  brilliant  steel  blue  Mar  Vfffn.     Ilercule^     1 
occupies  the  space  between  the  Lyre  on  ilte     I 
one  side  and   the   Crown   and   the'  Senient" 
head  on  the  other.     He  i.s  hiich  up,  due  eA*T. 

Jfi.Y, — The  Great  Bear.  L  "r«rt  Major,  t*  in 
the  niidheaven:<  towanl  tlie  nurthwe>t.  fhe 
P««nten*  mi*  far  from  the  horizontal  i">!»iti-«. 
The  DnupMi.  Th-nai,  curU  over  the  Little  \\^st, 
curN'iuK  upwanl  on  the  eatd.  t*i  where  it- 
hcail.hieh  up  in  the  northeast,  is  marke<i  by 
the  uleaininur  eyes.  ;>  and  r-  l.ow  th»wn  nitliP 
SVest  th?  Lion,  Ij*^,  i.-*  -etMnir.  The  iM.ijnt  U 
the  "Sickle  in  the  Lion"  is  tunieil  ti>  tlu?  | 
horizon:  the  handle  is  nearly  htiriionatal.  | 
The  Cn.jw.  Civrrun,  is  low  tlown  in  the  ?-iutb- 
we.-t,  the  ("up,  Crtitirr,  beside  it.  partly  set.  i-n 
the  ri(cht.  .\bove  is  X'irao.  the  Vinciii.  .^^till 
luKher  in  the  southwest — in  fart,  with  lieail 
close  to  tho  p«>iiit  overhead-  is  the  Ilerd-inian. 
liotttt'8,  the  lYown,  Ctmmn  Borrult*.  near 
hi>  southern  shouhler  niarkinp  what  Ha« 
once  the  HenUman's  uplifle^l  arm.  l.i-w 
ilown  lietween  tho  south  and  Mniiliwe^t  w^ 
ftml  the  heail  and  .Hhoulders  of  the  Centaur. 
Cnitnuruii,  who  holds  the  \V<»lf.  Lupu*.  du* 
south.  In  the  niilsky,  towanl  the  s«»uthc:L<>!. 
wo  fin«i  the  Serpent  Holder.  Ophiucf.'if. 
Melow  theSen>pnt  Holder  we  fiml  theSiiirpuiii. 
Sforffio,  now  fully  risen,  anil  showinR  trub 
~o«»rpionir  form.  Bei»ide  the  Sc-i»rpJon  is  tho 
An'her,  SarjifUiriu^.  hiw  down  in  the  >*»uthea*i. 
Alxive.  near  the  point  overheail.  is  ihekneeliiif 
llrrrtihs.  Due  ea.st.  we  see  part  of  thi; 
Winnoil  lIor<e.  Ptf/aBUf:  alx»\e  that,  the  little 
Dolphin,  Drlphinitn:  and  hifcher.  the  Swan. 
("•/i/nuft,  anil  the  Lyre,  Lt/ra.  witli  the  be.iu- 
tiiiil  blui*<h-whito  star  Veirn.  l-a<tly.  I^* 
■  lovvji.  iM^tween  north  ami  norllieaot.  we  tiiiti 
tho  Soalol  Lady.  CaMioj>ria:  ami  aNi\f. 
^iitiiowhat  o.n«<t  wardly.  the  n>con-i»icu«>u»  c"n- 
-ti'Mafi'iu  t'rpheu*,  Cassiopeia's  n»yal  husbnuii. 

.\i  i.t  **!■.  -The  Cireat  Bear.  I'rtui  Miij'*r.  :* 
iii>'.v  in  tijo  northwest,  his  paw<  near  the  hori- 
/■•:i.  riio  Draeon,  Drncn,  curves  roun>l  fr'ni 
!»•  r\M4Mi  the  I'oiiiters  and  the  I*ole,  alH»ve  the 
l.mlo  hoar  towanl  the  ejft.  then  upwanl  ti» 
Ti(:ii  tiic  point  overhead.  it«*  head,  with  tli** 
!.r:iiiif  tar-  .V  ami  r,  lieinfc  hiirbeM.  The 
•■i;iii.  li-Httt*,  iHTCupies  the  nndheaven*m 
M--'.  'ho  Crown.  Cnrtmn  liorraliM.  htclxr 
i:  !  .Iiio  we»t  Hercules,  lietween  tlio 
I  ■  .'.1.  n  I  »ho  point  «>verhea»L  Low  di>wii. 
•  •■.  I -I  .  :■■.'  ii-'Hi  the  we.".i  t4i  near  the  si-uth- 
■N.    .      ■  I'   ::i.d   the  Virgin,    Virgo,  the  bright 
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ts  settini;  place.  In  the  southeast 
les.  Libra,  a,nd,  farther  to  the  left, 
rom  the  Scales  t<j  low  down  near 
«re  find  the  Scorpion,  Scorpio,  one 
of  the  constellations,  Antares,  the 
rs  (as  the  name  means),  marking 
A.bove  the  Scorpion  and  the  Scales 
en>€nt  Holder,  SerperUariua  or 
and  the  Serpent,  Serpens,  extend- 
Toss  him  to  near  the  Crown,  after 
Serpent  seema  reaching.  A  little 
5  south,  low  down,  we  find  the 
gittariua:  in  the  southeast,  low 
lea  Goat,  Capricornus:  and  farther 
lower  down,  the  Water  Bearer, 
Above  the  Sea  Goat  is  the  Eagle, 
th  the  bright  bluish-white  star 
its  left,  the  pretty  little  Dolphin, 
and  above  the  Dolphin,  nearly 
he  Lyre,  Lyra,  with  the  bluish- 
Vega  (even  brighter  than  Altair) 
\ie&d.  Below  the  Lyre  we  see  the 
U9.  due  east;  and  below  the  Swan 
Horse,  Pegaaus,  upside  down,  as 
the  northea.st,  Andromeda,  the 
dy,  is  rising.  Between  the  north 
ist  is  Caasiopeia,  the  Seated  Lady, 
ler,  her  husband.  King  Cei)heus. 

ER. — The  Great  Bear,  Ursa  Major, 
a,  between  northwest  and  north. 
»rs    directed      slantingly    upward 

Pole.  Between  the  (jreat  Bear 
it  tie  Bear  run  the  stars  of  the 
aco,  round  the  Little  Bear  toward 

thence  toward  the  northwest. 
ee  the  head  of  the  Dragon  high 
fo  bright  eyes,  directed  toward 
hich  occupies  the  western  miti- 
Ibovc      Hercules      is      the     Lyre, 

the  bright  steel-blue  star  Vega 
ward  the  point  overhea<l.  Right 
9  the  Swan,  Cygnun.  Near  the 
9  the  Herdsman,  rather  slanting 
jwever,  with  the  Crown.  Corona 
1  his  left,  almost  due  west.  The 
ng  Ser|)ent,  Serj^ena.  runs  from 
rown,  where  we  see  its  heatl,  <lue 
tier  south  than  southwest,  high  up, 
«tern  si<le  of  the  Serpent  HoKIcr, 
8  or  Ophinchus,  now  standing? 
the  southwest.  I,ow  tlown  cree[)s 
n,  Scorpio,  its  heart  Antares.  rival 

the  southwest,  the  er<l  of  its  tail 

uth  and    southwest.     Above,  and 

5  Scon)ion's  tail,  we  see  the  Archer, 

Due  south    and   high  up  is  the 

lila.    the    bright    »t€?el-blue   Altair 

body.  On  the  left,  or  east,  of  the 
,he  neat  little  Dolphin.  Delnhinus. 
tween  the  Dolphin  and  the  horizon 
)f  the  tail  of  the  Sea  (Joat.  Capri 
>se  heail  lies  nearly  due  south.  ()n 
n  horizon  is  the  head  of  the  Indian, 
1  low  down  in  the  southeast 
haut,  the  chief  brilliant  of  the 
''ish,  Piacis  Auatrnlia.     Above  lies 

Bearer,  Aquarius,  in  the  south- 
dheaven.  Due  cast,  fairly  high,  is 
re  of  Pegasus,"  the  head  of  the 
orse,  PegaauH,  lying  close  by  the 
«her  of  Aquarius.  The  Fishers. 
low  down  in  the  east.  On  the  left 
ro  see  the  Uanu  Arit-s,  low  «lc)\vr»; 
,he  Triangle;  and  above  that,  the 
,ady,  Andromeda.  Low  d(»wu  in 
1st  IS  the  Rescuing  Knight,  Perncua; 


above  whom  is  Ca^aiopeia;  and  on  her  left, 
higher  up,  the  inconspicuous  constellation 
Cephetia. 

October. — Low  down  between  north  and 
northwest  we  hnd  the  seven  stars  of  the 
Dipper,  the  Pointers  on  the  right  nearly  due 
north.  They  direct  us  to  the  Pole  Star.  Be- 
tween the  Pointers  and  the  Pole  Star  we  find 
the  tip  of  the  Dragon's  tail,  and  sweep  round 
the  Little  Bear  with  the  Dragon's  long  train  of 
third  magnitude  stars,  till  we  come,  after  a 
bend,  to  the  Dragon '.•>  head,  with  the  two 
bright  eyes,  ,9  and  r-  These  two  stars  are 
almost  exactly  midway  between  the  borixon 
antl  the  j)oint  overhead,  and  nearly  north- 
west. King  (Jepheus — not  a  very  conspic- 
uous constellation — lies  between  the  point 
overheatl  and  the  Little  Bear.  I^w  down  in 
the  northwest  we  find  the  head  of  the  Henls- 
man.  Bootee.  The  Crown.  Corona  Borealia, 
which  no  one  can  mistake,  lies  on  his  left,  and 
close  by  is  the  setting  heatl  of  the  Sernent. 
Above  these  three  groups  we  see  Hercules — 
the  Kneeler.  Above  the  head  of  Hercules 
we  find  the  Lyre,  with  the  bright  star  Vega; 
and  above  that  the  Swan.  Parsing  south- 
ward, we  see  the  Serpent  Holder,  Serpmtarixia 
or  Ophiuchua,  beyond  whom  lies  the  Serpent's 
tail,  a  most  inconvenient  arrangement,  as  the 
Serj)ent  is  divided  into  two  parts.  Almost 
exactly  southeast,  and  low  down,  are  the  stars 
of  the  Archer,  Sarjittariua:  while  above,  in  the 
mid-sky.  we  see  the  Eagle,  Aauila,  with  the 
bright  ,\Itair.  Note  the  neat  little  constella- 
tion, the  Dolphin.  Delphinua,  close  by.  Due 
wiuth  is  the  Crane.^rw«;  aljove  it.  the  St>uthern 
Fi.sh,  with  the  bright  star  Fomalhaut;  above 
that,  the  Sea  Godt,  Capricornua,  and  on  the 
left  of  this  the  Water  Bearer,  Aijuariua;. 
Toward  the  east,  high  up,  is  the  Winged 
Horse,  Pegaaua;  he  is  upside  down  just  now. 
Below  lies  the  Whale.  Cetua,  or,  rather,  the 
Sea  .Monster.  The  Fishes,  Piacea,  may  be 
seen  between  the  Whale  and  Pegasus.  Few 
constellations  have  suffere^J  more  than  Pisces 
by  the  breaking  up  of  star  group.-i.  The 
fishes  themselves  are  now  lost  in  .\ndromeda 
and  Pegasus.  Note  how,  on  the  left  of  Pisces 
the  Ram.  Ariea.  'Miears  aloft"  Amlromeda, 
the  Chainetl  Lady,  as  Milton  set  Aries  doing 
long  since.  The  Triangle  serves  only  a»  a 
saddle.  Between  Andromeda  and  her  father, 
Cepheus.  we  find  her  mother,  Ca.ssioi>cia,  or, 
rather.  Ca.ssio|)eia's  Chair.  Perseus,  the 
Rescuer,  lies  below. 

NovEMBKR. — The  Dipi^er 
Pointers  a  little  east  of  north. 
Pointers  and  Pole  Star  lies 
Dragon's  tail.  Low  down  in 
Hercules  is  .setting.  Ab<»ve  is 
the  bright  steel-blue  Vega;  and  above  that  the 
stars  of  the  Swan.  Cftf/nua,  which  has  some- 
time-; Iwen  called  the  Northern  Cross.  Nearly 
due  west  we  find  the  Eagle.  Aquila.  .\bove 
the  Eagle  is  the  f^retty  little  constellation  the 
Dolphin.  Delphinua.  In  the  .southwest, 
rather  low,  is  the  Sea  Goat,  Capricornus; 
above,  and  to  the  south  of  him,  the  Water 
Bearer.  Aqu/iriua.  The  head  of  the  Winged 
Horse,  Pegaaua,  now  upside  down  (in  fact, 
he  is  seldom  otherwi.se\  is  just  above  this 
group.  Much  attention  need  not  be  directed 
to  the  lowly  Phoenix,  low  in  the  southern 
horizon.  The  River,  Eridanua.  "s  coming 
well  into  view;  and  the  great  Sea  Monster, 
Cetua,  now  s\vovjii  ^xi^V^ .    'Wx'a  Yv^'es^, '^%««x> 


lies     low. 

Between 
the   tip  of 
the  northwest, 
the  Lyre,  with 


the 
the 
the 


( 
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are  above:  the  Ram,  Arie»,  above  them,  and 
eastward,  jying  toward  the  southeast ;  then  the 
Triangle,  Trianguta  (or  the  Triangles,  accord- 
ing t4)  modern  maps),  and  the  Chained  I.Ady, 
Andromeda,  too  nearly  overhead  to  be  very 
pleasantly  observed.  The  grand  giant, 
Orion,  is  rising  in  the  east;  above  him,  the 
Bull,  Taurua,  with  the  Pleiades.  Low  down 
in  the  northeast  the  Twins,  Onnini,  are  rising; 
above  is  the  Charioteer,  Auriga,  and  above 
him  the  Rescuing  Knight,  Peraeut,  "of  fair- 
haired  DanaS  bom." 

Drckmber. — The  CSrcat  Bear,  Uraa  Mafor, 
is  beginning  to  rise  above  the  northeast  bv 
north  horizon.  The  end  of  the  Dipper  s 
handle  is  hidden.  The  stars  of  the  Dragon 
wind  round  below  the  Little  Bear  toward  the 
west,  the  head  of  the  Dragon  with  the  gleam- 
ing eyes  ("oblioue  retorted  that  askant  cast 
gleaming  fire")  being  low  down,  a  little  north 
of  northwest.  Above  is  King  Cepheub,  and 
above  him  his  queen,  the  Seated  Lady, 
Cnaaiopeia,  their  daughter,  the  Chained  Lady, 
Andromeda,  being  nearly  overhead.  Low 
down  in  the  northwest  we  see  the  Lyre,  Lyra, 


with  the  bright  Vega,  and  doee  by  toward  tlw 
west  the  Swan,  Cyffnua,  or  Northern  CroM. 
The  Eagle  is  setting  in  the  west,  and  the  littk 
Dolphin  nears  the  western  horison.  Toward 
the  southwest  by  west  we  see  the  Watv 
Bearer,  Aipiariin,  with  bis  Pitcher,  cUmc  hs 
which  is  the  bead  of  the  Winged  Hotm. 
Pegaaua.  In  the  south,  low  down,  L>  the 
absurd  Phoenix;  abo\-e.  the  Sea  Monster,  or 
Whale,  Cetua;  above  him,  the  Fishes,  Piacn; 
above  them,  the  Ram.  Ariea;  while  neariy 
overhead  lies  the  Triangle.  Tlie  River 
Eridantm.  occupies  the  southeasteriy  fk\, 
the  Dove  and  Great  Dog.  Columtba  and 
Cania  Major,  rising  in  the  southeast.  The 
glorious  Orion  has  now  come  well  into 
position,  though  not  y«t  so  uprifl^t  a«  wf 
could  wish  a  knightly  hunter  to  be  He 
treads  on  the  Hare,  Lepua,  and  fare^  the 
Bull,  Taurua,  ab'>vc.  Due  east  we  fiiKl  the 
Crab,  Cancer,  and  Little  Do^.  Cania  Minor, 
low  down;  the  Twins,  Ormint,  higher;  abo\-e 
them  the  Charioteer,  A  uriga,  with  the  bright 
Capdia,  and  Peraeua,  the  Rescuer,  neannf 
the  point  ova-head. — B.  A.  Procier*a  Star 
Mapa.    Copyright,  1903,  by  Munn  A  Co. 


THE    LARGE   REFRACTORS  OF   THE  WORLD. 


Institution. 


Yerkes  Ob-^ervatory,  Wi.scon.*»iu,  U.  S.  A 

Lick  Observatory,  California,  U.  S.  A 

Lick  Observatory,  California,  U.  8.  A 

National  ()b.'*ervatory,  Meudon 

A.»«trophysical  Observatory,  Potsdam 

Bischoffsheim  Observatory,  Nice 

Imperial  Observatory,  Poulkova 

National  Observatory,  Paris 

Royal  Ob.servator>',  Greenwich 

Imperial  Observatory,  Vienna 

Royal  Observatory,  Greenwich 

Nuval  Observatoryt  Washington 

I>ean(ler  MoC-ormick  Observatory,  Virginia,  U.  S.  A. 

Cainbridee  University  Observatory 

National  rniversity,  Meudon 

Harvard  College,  Cambridge,  U.  S.  A 

Hoyal  (>hf<ervat()ry,  Cnpc  <>f  Good  Ho|>e 

Ix)well  Observatory,  Mexico 

National  Observatory,  Paris 

Hal>-tead  Observatory.  Princeton,  U.  S.  A 

Etna. 

BurkinKhain  Observatory 

M.  Porro,  Private  Observatory,  Italy 

Chamberlin  Observatory.  Colorado,  U.  S.  A 

Manila  ( >bservator>',  Philippines 

Astrf)phv?<iral  Observatory',  Potsdam 

Imperial  ()bservat^>ry,  Stnissburg 

Milan  Observatorv.  Italy 

North-Wpstem  observatory,  Illinois,  l'.  S.  A 

I)earlK>m  Observatory.  . 

National  Obser\'atory.  I^  Plata 

Lowell  Observatory.  Mexico 

Flower  Observatory.  Philadelphia,  F.  S.  A 

Vander  Zee  ( )h«<ervaiory 

Royal  ( >bservator>'.  ('ai>e  of  GimmI  Hope 


Aperture 
in  Inches. 

Focal 

Length  in 

Feet. 

Date  of 
firectioa. 

40.0 
30.0 
33.0 

62.0 
57.8 
49.2 
53.0 
39.4 
52.6 
42.0 

1897 

18H8 

32.5 
31.1 

1891 

30.3 
30.0 
28.9 

1889 
1882 

28.0 
27.0 
26.0 
26.0 
26.0 
25.0 

28.0 
34.0 
26.0 
32.5 
32.5 

1894 
1894 
1897 
1871 
1874 
1868 

24.4 
24.0 
24.0 
24.0 
23.6 
23.0 
21.8 

52.2 
11.3 
22.6 
31.0 
59.0 
32.0 

1891 
1894 
1897 
1895 
18S» 
1881 

21.2 

20.5 
20.0 
20.0 

'■28!6   ■" 

1891 
1892 

19.7 

41.2 
23.0 
23.0 
27.0 

19.1 
19.1 
18.5 
18.5 

18S0 
1863 

18.1 
18.0 
18  0 

Mis'" 
26.3 

1800 
1991 

18.0 

18.0 

22.6 

1897 

Knowledt^c  Diary  and  Scientific  Handbook. 


PART  IV. 


WEIGHTS   AND   MEASURICS. 


LINEAR  MKAaURK. 

3  barleyGoms,  or.  . .  ^ 

12  lines,  or 1 1  inch  (in.) 

72  points,  or f  ^      ' 

1.000  mils  (mi.) J 

3  inches 1  palm 

4  inches 1  hand 

0  inches I  span 

12  inches. I  foot  (ft.) 

18  inches I  cubit 

3  feet I  yard  (yd.) 

2k  feet 1  military  pace 

5  feet 1  ffeometrical  pace 

2  yards 1  fathom 

54  vards 1  rod,  pole,  or  perch 

^  1^  ***■ [  1  Gunter'schain 

8  furlongs,  or j 

1.760  yards,  or )  1  mile 

5,280  feet \ 

3  miles.  . .  * 1  league 

The  hand  is  used  to  measure  horses'  height. 
The  military  pace  is  the  length  of  the  ordinary 
step  of  a  man.  One  thousand  geometrical 
paces  were  reckoned  to  a  mile. 

I^ND  MBABHRE  (LINKAR). 

7.02  inches 1  link 

100       links,  or 1 

^    J^rorV.-.::::: ::?'<=••»"'«''>•) 

4  pwles J 

10  chains I  furlong  (fur.) 

80  chains,  or »  ,      ., 

8  furlongs >  ^  ™*'® 

LAND  MEASURE  ( SQUARE). 

144  sq.  inches.  . .  1  square  foot  (sq.  ft.) 

0  square  feet. .  1  square  yard  (sq.  yd.) 
30i  sq.  yards. . .  1  sq.  pole,  rod,  or  perch 
16  sq.  poles.  ...  1  square  chftin  (sq.  ch.) 
40  sq.  poles,  or  I  ,        ^^ 
1,210  sq.  vards. .  \  ^  ^^'  "*^ 
4  roods,  or  . .  1 
10  sq.  ohs.,  or  . 
160  sq.  polra,  or  >  1  acre  * 
4,840  sq.  yds.,  or.  I 

43.560  sq.  ft J 

640  acres,  or.  ..  (  i  -<,  mile 
3.097.600  sq.  yds.  . . .  t  *  '^^  "*"• 

."^O  acres 1  yard  of  land 

100  acres 1  ni<le  of  land 

40  hides. 1  barony 

CT7BIC  MKABURE. 

1,728  owfaio  iafBhflB 1  cubic  foot 

27  ciAnc  feet. 1  mibie  or  solid  yard 

*  The  side  of  a  square  having  an  area  of  an 
acre  is  equal  to  69.57  linear  ywrds. 


-■\-' 


nautical  mile 
or  knot 


1  degree 


OEOORAPHICAI.  AND  NAUTICAL   If  EABURE. 

6086.44      feet,  or 

1000  fathoms,  or.  . 

10  cables,  or.  .  . 

1.1528  statute  miles.  . .  I 
60          nautical  miles,  or  ( 
67.168    statute  miles.  . .  ( 
360  degrees =1  circumfer- 

ence of  the  earth  at  the  equator 

1  leaffue. »  3  nautic'l  miles 

1  cable's  length  ...  —120  fathoms 

DRY  MEASURE.   U.  8. 

Cu.  In. 

2  pints 1  quart  (qt.)      -     67.20 

4  quartH 1  gallon  (gal.)    -   268.80 

-  537.60 


2  gallons,  or . 

8  quarts *.  ( 

4  pecks 1  struck  bushel  -2150.42 


1  peck 


LIQUID  MEASURE,   U.  S. 

4  gills 1  pint(0.) 

2  pints 1  quart  (qt.) 

4  quarbt 1  gallon  (gal.) 

63  gallons 1  hogshead  (hhd.) 

2  hogsheads  ...  1  pipe  or  butt 
2  pipes 1  tun 


Cu.  In. 
28.875 
57.75 

231. 


AI'OTIIF.CARIES     LIQUID  MEAAURE. 

Apothecaries'  or  Wine  Measure  is  used  by 
pharmacists  of  this  country.  Its  denomina- 
tions are  gallon,  pint,  nuid  ounce,  fluid 
drachm,  and  minim,  as  follows: 

Cong.         O.  F.  Oi.      F.  Dr.       Minims. 

1      «      8      =     128    -    1,024    -  61.440 

1      -      16    -       128    =-     7.680 

1     -  8    -        480 

1    «  00 

1 

The  Imperial  Standard  Measure  is  used  by 
British  pharmacists.  Its  denominations  and 
their  relative  value  are: 


Gal.  Quarts.  Pints.  F.  0«. 
1    -    4    =.    8    -   160   = 
1     =    2=     40   ' 
1     =      20    ■ 

1    ■ 


F.Dr. 

1.280 

320 

160 

8 

1 


Minims. 

76.800 

19.200 

9.600 

480 

60 


The  relative  value  of  Unite<l  States  Apothe- 
caries'  and   British  Imperial  Measures  is  as 


follows : 

U.S. 

AiK>the- 

caries' 

Measure. 

1  Gallon 

Pint 

FT.  Oe. 

Fl.  Dr. 

Minim 


2 

a 


N 

o 


Q 


— Imperial  Measure. . 

6 
£ 

13     2    22.85 
16 
1 


.83311  Gallon,,  or  6 

,83311  Pint.       or 

1.04139  V\.  Oa.,  or 

1.04139  Fl.  Dr..  or 

1.04139  Mlnim^  oc 


2 
5 
0 
1 


17.86 

19.86 

2.48 
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OLD   WINE   AND  SPIRIT  MEASURE. 

Imperial 
GsIa. 
4  gills  or  quarterns. .  1  pint 

2  pints 1  quart 

4  quarts  (231  cu.  in.)l  sallon        -       .8333 

10  gallons 1  anchor       —     8.333 

18  gallons 1  bunlet       «=-   15 

3U  gallons 1  barrel         -   26.25 

42  gallons 1  tierce         —  35 

126  gaUons,  or | 

2  hogsheads  or.  .     j-1  pipe  or       =105 
lit  puncheons )  butt 

I  pipes  or [nun  -210 

3  pimcheons S 

Apothecaries'  Weight  is  the  officinal 
Btanaard  of  the  United  States  Pharmacopoeia. 
In  buying  antl  selling  medicines  not  ordered 
by  prescriptions  avoirdupois  weight  is  used. 

Lb.           Oi.           Dr.            Scr.  Gr. 

1      »      12     "     96     »      288  «  5760 

1               8     »        24  -  480 

1      =          3  =  60 

1  =  20 

AvoirdupoiH   Weight. — I'sed   for   weighing 
all  ko<k18  except  those  for  which  troy  and 
apothecaries'  weight  are  employed. 
GroMN 
or  IxmK 

Ton.  Cwt.      Qr.         Lb.  Oz.  Dr. 

1    .=    20   -   SO   =   2,240   =   35,840   =   573,440 
1    -     4   ==      112   =     1,792  =     28.672 
1    ^        28   =        448   -       7.1fi8 
1    =  10   =  256 

1    -  16 

Short 
or  Net 

Ton.  Cwt.     Qr.         Lb.  Oz.  Dr. 

1    =   20    -  80  -   2,000  -   32.000   -  512,000 
1=4^       100   =      LOGO   --     25,600 
1    -        25    -=         400     ^       6.400 
1    -  Ifi   -  256 

1    -  16 

The  "short"  ton  of  2.000  lbs.  is  use<l  com- 
monly in  the  United  State)*.  The  BritLsh  or 
"long"  ton,  used  to  some  extent  in  the  United 
State.**,  contains  2.240  lbs.,  corra'^ponding  to  a 
cwt.  of  112  and  a  quarter  of  28  lbs. 

Troy  WeiKht. — Vf^cd  bv  jewelers  and  at  the 
mints,  in  the  exchanj^e  of  the  precious  metals. 
Lb.  Oz.  Dwt.  (W. 

I        ^        12        =        240        -         57ti0 
1        -  20        =  480 

1        -  24 

7000    troy  Rrains    =■■      1  Ih.  avoirdupois. 
175    troy  pounds -- 144  lb.  avoirdupois. 
175    troy  ounces  ^  192  oz.  avoirdupois. 
437^  troy  grains    ==     1  oz.  av«)irdu[)ois. 
1    troy  pound   =.S22'<+  lb.  avoirdupois. 

The  common  standard  of  weight  by  which 
the  relative  values  of  ther<e  svstenis  are  com- 
|)are<l  is  the  grain,  which  for  this  purpose  may 
l)e  regarded  as  the  unit  of  weight.  The  poun<l 
troy  and  that  of  apothecaries'  weight  have 
each  five  thoUf^and  seven  htindred  and  sixty 
grains;  the  pound  avoirdupois  has  t*even 
thousand  grains. 

The  relative  [iroportions  and  values  of  these 
several  nyfUems  are  as  follows; 


Troy.  Ayotrdopoii. 

1  pound  equals. / 13    2.6S 

1  ounce  equals 1     1.56 

1  dwt.  equals 0    (LSTt 

Troy.  Apothecaries'. — 

Lb.  Oi.  Dr.  Scr.  Gr. 

1  pound  equals 1       0      0      0      0 

1  ounce  equals 0       1       0      0      0 

1  dwt.  equals 0       0      0       1      4 

1  grain  equals 0       0       0       0      1 

Apothecaries'.  AYoirdupoi.*. 

Oz.     Dr. 

1  poimd  equals 13      2.65 

1  oimce  equals 1      I.^'> 

1  drachm  equal.H 0      2.19 

1  scruple  equali« 0      0.73 

Apothecaries'.  Troy. 

Lb.  Oa.  Dwt.  dr. 

1  pound  equals 1       0       0      0 

1  ounce  equals 0       I       0      0 

1  drachm  equals 0       0       2     12 

1  scruple  equals 0      0      0    20 

Avoirdupois.  Troy. 

Lb.  0».  Dwt.  Gr. 

1  long  ton  equals 2722     2     13      8 

1  cwt.  equals 136     1       6    16 

1  quarter  equals 34     0      6    Id 

1  pound  equals 1     2     11     16 

1  ounce  equals 0     18      54 

1  drachm  equals 0       1      3"  a 

Avoirdupois.  Troy. 

Lb.  t)«.  Dwt.  Gr. 

1  short  ton  equals 2430     6     13      Ji 

1  cwt.  equals 121     6       6     16 

1  quarter  equals 30     4     11     16 

Avoirdupois.  Apothecaries'. 

Lb.  Oe.   Dr.  Scr.    Gr. 

1  pound  equals 1        2       4       2       0 

1  ounce  equals 0       0       7       0     174 

1  drachm  equals. ...     0       0       0       1       7*4t 

Diamond  Measure. 

16  parts  =  1  grain  ^0.8  troy  grains. 
4  grains  =  1  carat  =■3.2  troy  grains. 

Household  Measitres. — Nothing  is  more 
vague  and  inaccurate  than  such  exprej^sioa;* 
as:  "A  cupful,  a  wineglass."  An  attempt  ha.« 
been  made  to  reduce  these  measures  to  hwm 
scale.  In  these  liquid  measures  the  glass  u 
supposed  to  be  filled  i  inch  from  the  top.  A 
**winegla.«w"  is  very  apt  to  be  a  claret  ^asp. 
If  the  diameter  is  2i  inches  and  the  depth  2i 
inches  from  rim  to  bottom,  the  glass  will  bold 
^k  fl.  oz.  =  105  cubic  centimeters.  A  sherry 
glass  is  also  a  common  wine  glass  and  is  flar- 
ing. If  its  top  Ls  2\  inches  in  diameter  it 
should  hold  1^  fl.  os.,  or  45  cubic  centimeters 
A  liquor  glass,  usually  called  a  whiskey  td»ss, 
varies  greatly,  but  it  3  inches  high  and  2i 
inches  in  diameter  and  slightly  flaring  it 
holds  4  fl.  oz.,  or  120  cubic  centimeters.  A 
cocktail  ghu«  is  peculiar:  the  diameter  of  the 
"Union  League  model  is  2*  inches,  depth 
If  inch,  round  flare,  holds  2  n.  oa.  ^OO  cubic 
centimeters.  A  "liqueur"  fdass  having  a 
diameter  of  H  inches,  2i  inches  deep,  flanng 
si«Ies,  holds  §  of  a  fluid  ounce,  or  20  cubic  cen- 
timeters. .\  straight-sided  soda  glass.  6j^ 
inches  high  by  24  inches  in  diameter,  holds  10 
fl.  oz.,  or  300  cubic  centimeters.  A  -^  litw 
stein.  '21  inches  in  diameter  and  3}  inches  deep, 
holds  10  fl.  oz.,  or  300  cubic  centimeters  as 
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120  drops  water =1  teajtpoon 

60      *•      thick  fluid =1 

60 =1  oz. 

2  teaspoons =1  de^aert-spKHja 

3,        '*  =1  tablespoon 

16  tablespoons =1  cup 

1  cup =1  pint 

1    '*    water =ilb. 

4  tablespoons  flour =1  oa. 

2  tablespoons  butter =1   *  * 

3  teaspoons  soda =»  *   '  * 

4  *  *  baking  powder =  J   *  * 

2    cups  granulated  sugar =  1  lb. 

24     * '     confectioners'  sugar =1   * ' 

2\     "     wheat  flour =1" 

31     **     whole-wheat  flour =1   '* 


2^  cups  buckwheat  flour 

5*   *  •    coffee 

6i   •  •     tea 

2     ••    rice 

2     "    lard 

2     ••     butter 

2     "     graham  flour.  .  .  . 

2     *  *     rye  flour 

2     '  *     com  meal 

2     *  *     rolled  oats 

2     "     powdered  siigar.  . 
2     ••     brown  **     .. 

2     ' '     raisins 

2     *  *     currants 

2     * '     bread  crumbs.  . . . 
9  eggs 


lb. 


FOREIGN    WEIGHTS  AND   MEASURES. 

The  following  table  embraces  only  such  weights  and  measures  as  are  given  from  time  to 
time  in  Consular  Reports  and  in  Commercial  Relations: 

Foreign  weights  and  meatureM,  with  American  equivalenU. 


Denominations. 


Where  Used. 


Almude 

Ardeb. 

Are 

Arobe 

Arratel  or  libra. 


(dry). 


Arroba 
Do. 

Do 

Do 

Do 

Do 

Arroba  (liquid).  . 

Arshine 

Arshine  (square). 

Artel 

Baril 

Barrel 

Do 

Batman  or  tabriz. 

Berkovets 

Bongkal 

Bouw 

Bu 

Butt  (wine) 

Caffiso 

Candy 

Do 

Cantar 

Do 

Do 

Cantaro  (cantar). 

Carga 

Catty 

Do.» 

Do 

Do 

Centaro 

Centner 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Portugal 

Egypt 

Metric 

Paraguay 

Portugal. 

Argentine  Republic 

Brazil 

Cuba 

Portugal 

Spain 

Venezuela 

CXiba,  Spain,  and  Venezuela.  . 

Russia 

Do 

Morocco 

Argentine  Republic  and  Mexico. 

Malta  (customs) 

Spain  (raisins) 

Persia 

Russia 

India 

Sumatra 

Japan 

Spain 

Malta 

India  (Bombay) 

India  (Madras) 

Morocco 

Syria  (Damascus).  .  .    

Turkey 

Malta 

Mexico  and  Salvador 

China 

Japan. 

Java,  Siam,  and  Malacca 

Sumatra 

Central  America 

Bremen  and  Brunswick 

Darmstadt 

Denmark  and  Norway 

Nuremberg 

Prussia 

Sweden 

Vienna 

Zollvorein. 


American  Equivalents. 


4.422  gallons. 
7.6007  bushels. 
0.02471  acre. 
25  pounds. 

1.011  pounds. 
25.31/5  pounds. 
32.38  pounds. 
25.3664  pounds 
32.38  pounds. 
25.36  pounds. 
25.4024  pounds. 
4.263  gallons. 
28  inches. 

5.44  square  feet. 

1.12  pounds. 
20.0787  gallons. 
11.4  gallons. 
100  pounds. 
6.49  pounds. 
361.12  pounds. 
832  grains. 

7,096.5  square  meters. 

0.1  inch. 

140  gallons. 

5.4  gallons. 

529  pounds. 

500  pounds. 

113  pounds. 

575  pounds. 

124.7036  pounds. 

175  pounds. 

300  pounds. 

1.333i  (U)  pounds. 

1.31  pounds. 

1.35  pounds. 

2.12  pounds. 

4.2631  gallons. 

117.5  poimds. 

110.24  poimds. 

110.11  pounds. 

112.43  pounds. 

113.44  pounds. 
93.7  pounds. 
123.5  pounds. 
110.24  pounds. 


1  More  frequently  called  "kin.''     Among  merchants  in  the  treaty  ports  it  equals  1.33i 
pounds  avoirdupois. 
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Denominat  ion». 


Centner 

Chetvert 

Chih 

Coyan 

Cuadra 

Do 

Do 

Do 

Cubic  meter 

Cwt.  ( hundred  weight ) . 
Dessiatine 

Do 

Drachme 

Fanega  (dry) 

Do 

Do 

Do 

Do 


Do 

Do 

Do 

Fanega  (liquid) 
Feddan. .  ; • 
Frail  ( raising ).  . 
Frasco 

Do 

Frasila 

Fuder.     ... 

Funt 

Garnice 

Gram 

Hectare 

Hectoliter. 

Dry 

Liquid 

Joch 

Ken.      

Kilogram  (kilo). 

Kilometer 

Klafter 

Koku 

Korrce 

Kwan 

La.st 

I)(. 

Do 

Do 

Do 

Do 

I.,eague  (laiui).  . 

Li 

Libra  (pound) 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Liter 

Livre  (pound). 

Do 

Load 


Where  Used. 


Double  or  metric. .  . 

Russia. 

China. 

Sarawak 

Siam  (Koyan).  .    .. 
Argentine  Republic. 

Paraguay 

Paraguay  (square). 

Urufl^uay 

Metric 

British 

Russia 

Spain 

Greece 

Central  America.  .  . 

ChUe 

Cuba 

Mexico 

Morocco 


Uruguay  (double).  . 
Uruguay  (single).. . 

Venesuela 

Spain 

Egypt 

Spain 

Argentine  Republic. 

Mexico 

Zansibar 

Luxemburg 

Russia 

Russian  Poland..  .  . 

Metric 

Do 


Do 

Do 

.\u8tria-Hungary.  .  .  . 

Japan 

Metric.    

Do 

Ruswia 

Japan 

Russia 

Japan 

Belgium  and  Holland. 
England  (dry  malt).  . 

Germany 

Prussia 

Russian  Poland 

Spain  (salt) 

Paraguay 

China. 

Argentine  Republic.  . 
Central  America.  .    .  . 

(niilc 

Cuba 

Mexico 

Peru. .  .  .    

Portugal 

Spain 

L)  ruguay 

Vencruela 

Metric 

Greece 

Guiana 

England  (timber).  . 


Mansana. 
Do  .. 


Costa  Hica 

Nicaragua  and  Salvador. 


American  Equivalents. 


220.46  pounds. 
5.7748  bushels. 
14  inches. 
3,098  pounds 
2,067  pounds. 

4.2  acres. 
78.9  yards. 
8.077  square  feet. 
Nearly  2  acres. 
35.3  cubic  feet. 

1 12  pounds. 

2.6997  acres. 

1.599  bushels. 

Half  ounce. 

1.5745  bushels. 

2.575  bushels. 

1.599  bushels. 

1.54728  bushels. 

Strike  fanega.  70  pounds;  full 

fanega,  118  pounds. 
7.776  bushels. 
3.888  bushels. 
1.599  bushels. 
16  gallons. 

1.03  acres. 
50  pounds. 
2.5096  quarts. 
2.5  quarts. 

35  pounds. 
264.17  gallons. 
0.9028  pound. 
0.88  gallon. 
15.432  grains. 
2.471  acres. 

2.838  busheb. 

26.417  gallons. 

1.422  acres. 

6  feet. 

2.2046  pounds. 

0.621376  mile. 

216  cubic  feet. 

4.9629  bushels. 

3.5  bushels 

8.28  pounds. 

85.134  bushels. 

82.52  bushels. 

2  metric  tons  (4,480  pounds). 

112.29  bushels. 

I  If  bushels. 

4.760  pounds. 

4,633  acres. 

2,115  feet. 

1.0127  pounds. 

1.043  pounds. 

1.014  pounds. 

1.0161  pounds. 

1.01465  pounds. 

1.0143  poimds. 
1.011  poimds. 

1.0144  pounds. 
1.0143  pounds. 
1.0161  pounds. 
1.0567  quarts. 
1.1  pounds. 
1.0791  pounds. 

Square,  50  cubic  feet;  va- 
ne wn,  40  cubic  feet;  inch 
planks.  OCX)  superficial  feci. 

1|  acres. 

1.727  acres. 
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FOREIGN   WEIGHTS  AND  MEASURES— C<m«nu«rf. 


Denominations. 


Marc.  . 
Maund. 
Meter.  . 

Mil..    . 


Where  Used. 


Do 
Milla.  . 
Morten 
Oke. . . 

Do.  . 

Do.  . 

Do.  . 

Do. 

Pic 

Picul.. 

Do.  . 

Do.  . 

Do., 
Pie 


Do 

Pik 

Pood 

Pund  ( pound  >. 
Quarter 

Do 

Quintal 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Rottle 

Do 

Sagene 

Salm 

Se 


Seer 

Shaku 

Sho 

Standard  (St.  Petersburn). 

Stone 

Suerte 

Sun 

1 ael .................... 

Tan 

To 

Ton 

Tonde  (cereals) 

Tondeland 

Tsubo 

Tsun 

Tunna 

Tunnland 

Vara 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Vedro , 

Vergees 

Verst 

Vlocka 


Bolivia 

India 

Metric 

Denmark 

Denmark  ( KeG«raphical ) 

Nicaragua  ana  Honduras 

Prussia 

Egypt 

Greece 

Hungary 

Turkey 

Hungary  and  Wallachia 

Egypt 

Borneo  and  Celebes 

China,  Japan,  and  Sumatra. .  .  . 

Java. 

Philippine  Islands 

Argentine  Republic 

Spain 

Turkey 

Ru.ssia 

Denmark  and  Sweden 

Great  Britain 

London  (coal) 

Argentine  Republic 

Brazil 

Castile,!  Chile.  Mexico,  and  Peru 

Greece. 

Newfoundland  (fish) 

Paraguay 

Svria 

.Metric 

Palestine 

Syria 

Russia 

Malta 

Japan 

India 

Japan 

Do 

Lumber  measure 

British 

Uruguay 

Japan 

Cochin  China 

Japan 

Do 

Space  measure 

Denmark 

Do 

Japan 

China 

Sweden 

Sweden 

Argentine  Republic 

Central  America 

Chile  and  Peru 

Cuba 

Curacao 

Mexico 

Paraguay 

Spain 

Venezuela 

Rus.sia. 

Isle  of  Jersey 

Russia 

Russian  Poland 


American  Ekiuivalenta. 


0.507  pound. 
82f  pounda. 
39.37  inchea. 
4.68  miles. 
4.61  miles. 
1.1493  milee. 
0.63  acre. 
2.7225  pounds. 
2.84  pounds. 
3.0817  pounds. 
2.82838  pounds. 

2.5  pints. 
211  inches. 
13o.64  pounds. 
133i  pounds. 

135.1  pounds. 
137.9  pounds. 
0.9478  foot. 
0.91407  foot. 
27.9  inches. 
36.112  pounds. 
1.102  pounds. 
8.252  busheU. 
36  bushels. 
101.42  pounds. 
130.06  pounds. 
101.41  pounds. 

123.2  pounds. 
112  pounds. 
100  pounds. 
125  pounds. 
220.46  pounds 

6  pounds. 
5i  pounds. 

7  feet. 

490  pounds. 
0.02451  acre. 

1  pound  13  ounces. 
11.9305  inches. 

1.6  quarts. 
165  cubic  feet. 
14  pounds. 

2,700  cuadras  (see  cuadra). 
1.193  inches. 
590.75  grains  (troy). 
0.25  acre. 

2  pecks. 

40  cubic  feet. 
3.94783  bushels. 
1.36  acres. 
6  feet  square. 
1.41  inches. 
4.5  bushels. 
1.22  acres. 
34.1208  inches. 
32.87  inches. 
33.367  inches. 
33.384  inches. 
33.375  inches. 

33  inches. 

34  inches. 
0.914117  yard. 
33.384  inches. 
2.707  gallons. 
71.1  square  rods. 
0.663  mile. 
41.98  acres. 


1  AlthouKh  the  metric  weights  are  u.sed  officially  in  Spain,  the  Castile  quintal  is  employed 
in  commerce  in  the  Peninsula  and  colonies,  save  in  Catalonia;  the  Catalan  quintal  equals 
91.71  pounds. 
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He<'t«iii«ler 


APPRHXIMATK   EQnVAf.ENTS  OF  THE  FRENCH    (UETltlC)   AND 
ENGLISH    MEASURES. 


meter-.  1.1  yil.;  3.3fl... 
meter,  by  the  Stai.dardaJ 

furinnin-  (i^lOn  yar.i») 
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aore  <+>H0  Kquare  yard.). 
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ic,-"-"- 
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FRENCH   AND   ENGLISH  COMPOUND  EQUIVALENTS. 


1  kilogram  per  linear  meter | 


.000  kilograms  (1  ton)  per  meter 
kilogram  per  kilometer , 


,000  kilograms  (1  ton)  per  kilometer 
kilogram  per  square  millimeter. . . . . 


kilogram  per  square  centimeter 

kilogram  per  square  decimeter 

kilogram  per  square  meter 

,000  kilograms  (1  ton)  per  square  meter. 

kilogram  per  ton 


{ 


kilogram  per  ton  per  kilometer 
liter  of  water  at  4*  C. 


per  ton  per  kilometer , 
gram  per  square  millimeter 

Eim  per  square  centimeter 
ogram  per  cubic  meter 


,000  kilograms  (1  ton)  per  cubic  meter. 

cubic  meter  per  kilogram 

cubic  meter  per  ton 

cubic  meter  per  kilometer 

cubic  meter  per  linear  meter 

cubic  meter  per  square  meter 

cubic  meter  per  hectare 

kilogrammeter 

kilogrammeter 


ton-meter 

cheval  vapeur.or  cheval  (75kXm  per  second). 

kilogram  per  cheval 

square  meter  per  cheval 

cubic  meter  per  cheval 

calorie,  or  French  unit  of  heat    

French  mechanical  equivalent  of  heat  (423.55k 

Xm) 

calorie  per  square  meter 

calorie  per  kilogram 


I 


KNGLI8H 


pound  i>er  linear  foot 

jound  per  yard 

onK  ton  per  foot 

ong  ton  per  ^'ard 

pound  per  mile. 

long  ton  i>er  mile 

pound  per  long  ton. 

pound  per  long  ton  per  mile. 

pound  per  square  inch 


atmosphere  (14.7  pouncl.x  per  square  inch). 

,000  pounfl.s  per  square  inch 

,000  pounds  per  square  inch 

lonfic  t<»n  per  square  inch 

nouiid  per  square  foot . 
,000  pounfls  ?>er  square  foot 

ton  per  square  foot .  .  

,000  pounds  i>er  square  yard 

ton  per  square  yard 

pound  per  cubic  yard 

pound  per  cubic  foot 

ton  per  cubic  yard. 

cubic  yard  per  pound 

cubic  yard  per  ton 

cubic  yard  [>er  rnile 

cubic  yard  per  linear  yard 

cubic  fo<^>t  per  square  foot 

cubic  meter  i>er  acre 

cubic  yard  per  acre 

foot-pound 


.672  pound  per  linear  foot. 

2.016  pounds  per  vard. 

.300  long  .ton  per  foot ;  i  short  ion  per  foot 

3.54S  pounds  per  mile. 

1.554  long  tons  per  mile;  1.774  short  tons  per 
mile. 

1422.32  pounds  per  souare  inch;  .635  long  too 
per  square   inch;  .711  short  ton  per  sq.  in. 

14.2232  pounds  per  square  inch. 

20.481  pounds  per  square  foot. 

1.843  pounds  per  square  3rard. 

.8229  long  ton,  .922  short  ton,  per  square  jrsni. 

2.240  pounds  per  long  ton ;  2  pounds  per  short 
ton. 

3.6012  pounds  per  long  ton  per  mile. 

.4325  U.  S.  gal.  at  62^  F.  per  long  ton  per  mile. 

1.422  pounds  per  square  inch. 

.01422  pound  per  square  inch. 

.1686  pound  per  cubic  yard. 

.0624  pound  per  cubic  foot. 

.984  long  ton  per  cubic  meter. 

.752  ton  per  cubic  yard. 

16.019  cuoic  feet  per  pound. 
1.329  cubic  ya^tis  per  long  ton. 
35.882  cubic  feet  per  long  ton. 
2.105  cubic  yards  per  mile. 
1.196  cubic  yards  per  linear  3rard. 
3.281  cubic  feet  per  square  foot. 
.405  cubic  meter  per  acre. 
.529  cubic  yard  per  acre. 
7.233  foot-pounds. 
» 0.00323     foot-ton     (long)  -  .00362    foot-ton 

(short). 
3  foot-tons  (long);  3.36  (short). 
.9863  horse-power. 
2.235  pounds  per  horse-power. 
10.913  square  feet  per  horse-power. 
35.806  cubic  feet  per  horse-power. 
3.968  British  heat-units. 

3063.5  foot-poimds. 

.369  heat-unit  t)er  square  foot. 
1.800  heat-units  per  pound. 

AND   FRENCH. 

1.488  kilograms  per  linear  meter. 

.496  kilogram  per  meter. 

33.32  kilograms  (3i  tons  approx.^  per  meter. 

1111  kilograms  ( 1^^  tons  approx.)  per  meter. 

.2818  kilogram  per  kilometer. 

.6313  ton  per  kilometer. 

.44t)4  kilogram  per  ton. 

.2774  kilogram  per  ton  per  kilometer. 

.0703077  kUogram  per  square  centimeter. 

.7031  gram  per  square  millimeter. 

5.170  centimeters  of  mercury  at  (f  C. 

1.0335  kilograms  per  square  centimeter. 

.703077  kilogram  per  square  millimeter. 

1.406154  kilograms  per  square  millimeter. 

1.575  kilograms  per  square  millimeter. 

4.SS3  kilof^rams  per  square  meter. 

48S2.517  kilograms  per  square  meter. 

10.93'i  tons  per  square  meter. 

512.500  kilograms  per  square  meter. 

1.215  tons  per  square  meter. 

.5933  kilogram  per  cubic  meter. 

10.020  kilograms  i>er  cubic  meter. 
1.320  tons  per  cubic  meter. 

1.0555  cubic  meters  per  kilogram. 
.7525  cubic  meter  |>er  ton. 
.4750  cubic  meter  per  kilometer. 
.S3t>  cubic  meter  per  linear  meter. 
.304S  cubic  meter  per  square  meter. 
2.471  cubic  meters  per  hectare. 
1.>W9  cubic  meters  |>er  hectare. 
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FRENCH   AND   ENGLISH   COMPOUND   EQUIVALENTS— Con/miMtf. 

1  foot-ton  (long) 3097  ton-meter. 

I  horae-powcr 1.0139  chevml. 

1  pound  per  horse-power 447  kilogram  per  cheval. 

1  square  foot  per  horse-power 0916  square  meter  per  cheval. 

1  cubic  foot  per  horse-power.  .       0279  cubic  metdr  per  cheval. 

I  British  unit  of  heat,  or  heat -unit 252  calorie. 

^1."it\7Tf'SS!"^LX:''."'.  °'.T.  .'".'*:  [   »«'-7  kaogr^nmet.™. 

1  Rritisn  heat-unit  per  square  foot 2.713  calories  t>er  square  meter. 

1  British  heat-unit  per  pound {  calorie  per  kilogram. 

— D.  K.  Clark,  Meclutnical  Engineer's  Pocket  Book. 


To  REDrcE  Parts  by  Volume,  or  Mear-    ' 
URE   TO    Parts   by    Weight. — Multiply   the 
parts  by  volume,  or  measure,  by  the  suecific 
gravity  of  the  different  Bubstances:    the  re- 
sult will  be  parts  by  weight. 


MENSURATION. 

SURFACES. 

Parallelooram. — Area  equals  base  mul- 
tiplie<l  by  height. 

Triangle. — Base  and  height  given.  Mul- 
tiply ba«e  by  height  and  divifle  by  two. 

When  three  Kiiles  are  given,  (rom  the  half 
sum  of  the  three  sides  subtract  each  side  sep- 
arately; multiply  the  half  sum  and  the  three 
remainders  together.  The  area  is  the  square 
root  of  the  prrwluct  thus  obtained. 

Trapezium  (a  figure  with  two  sides  parallel 
and  two  sides  not  parallel). — To  find  tne  area 
multiply  the  sum  of  the  two  parallel  sides  by 
the  distance  between  them  and  divide  by  two. 

So 'ARE  OR  Rhombus  (an  oblique  paral- 
lelogram with  four  equal  sides ).-^ Area  equals 
half  the  product  of  the  diagonals. 

Irregular  Polygon. — The  area  may  be 
found  by  dividing  it  into  a  series  of  triangles 
and  tra|)exiums,  and  finding  the  sum  of  the 
areas  thu.^  obtaine<l. 

Regular  Polygon. — Area  equals  number 
of  sides  multiplied  by  length  of  one  side  and 
by  the  radius  of  the  inscribed  circle  divided 
by  two. 

Circle. — Circumference  equals  diameter 
multiplied  by  3.141ft,  or  approximately  by  3f. 
Area  equals  diameter  squared  multiplied  by 
.7854. 

Sector  or  Circle.— Multiply  the  length  of 
the  arc  by  the  radius  and  divide  by  two. 

Segment  of  Circle. — Find  the  area  of  the 
sector  having  the  same  arc.  Also  find  area  of 
triangle  formed  by  the  radial  sides  and  the 
chord.  The  area  equals  the  sum  or  differ- 
ence of  these  according  as  the  segment  'is 
greater  or  less  than  a  semicircle. 

Annulus. — Multiply  the  sum  of  the  diame- 
ters by  their  difference  and  by  .7854. 

Square  Ekj"AL  to  a  Circle. — Side  of 
square  equals  diameter  multiplied  by  .8862. 

Inscribed  Sq^'are. — Side  of  square  equals 
diameter  multiplied  by  .7071. 

Ellipse. — Area  equals  the  product  of  the 
two  axes  by  .7854. 

SOLIDS. 

Cube. — Surface  equals  length  of  one  edge 
squared  and  multiplied  by  six.  Contents 
equals  length  of  one  edge  cubed. 

Cylinders  a.vd  Prisms. — Surface  equals 
perimeter  of  one  end  multiplied  by  height  plus 
twice  the  area  of  one  end.  Contents  equals 
area  of  base  multir)lied  by  height.  This  last 
also  applies  to  oblique  cylinders  and  prisms. 


CoNB  OR  Pyramid. — Surface  equals  cir- 
cumference of  base  multiplied  by  slant  height 
divided  by  two,  plus  the  area  of  the  base. 
Contents  equals  area  of  base  multiplied  by 
one-third  perpendicular  height.  This  last 
applies  whether  the  cones  and  pyramids  be 
right  or  oblique. 

Frubtuii  or  Cone  or  Pyramid. — Con- 
tents: To  the  simi  of  the  area  of  the  two  ends 
add  the  square  root  of  their  product  and 
multiply  the  quantity  thus  obtained  by  one- 
third  the  perpendicular  height. 

Sphere. — Area  equals  square  of  diameter 
multiplied  by  3.1416  or  3f;  i.e.,  it  is  equal  to 
four  times  the  area  of  one  of  its  great  circles, 
or  to  the  convex  surface  of  its  circumscribing 
cylinder.  Surfaces  of  spheres  vary  as  the 
squares  of  their  diameters.  Contents  equal 
the  cube  of  the  diameter  multiplied  by  .5236, 
i.e.,  equals  area  of  surface  multiplied  by  diam- 
eter and  divided  by  six.  Contents  of  spheres 
vary  as  the  cubes  of  the  diameter. 

Segment  of  Sphere. — Contents:  From 
three  times  the  diameter  of  the  sphere  sub* 
tract  twice  the  height  of  the  segment,  multi- 
ply the  difference  by  the  square  of  the  height 
and  by  .5236;  or,  another  nile:  Add  the 
souare  of  the  height  to  three  times  the  square 
of  the  radius  of  the  base  and  multiply  the 
sxmi  by  the  height  and  by  .5236. 

Zone  of  Sphere. — To  the  sum  of  the 
squares  of  the  radii  of  the  two  ends  add  one- 
third  the  souare  of  the  height,  multiply  the 
sum  by  the  height  and  by  1.5706. 

Cone,  Sphere,  and  Cylinder. — The  con- 
tents of  a  cone,  sphere,  and  cylinder  of  same 
diameter  and  height  are  in  the  ratio  of  1  to  2 
to  i.^Practieal  Enginttr't  Electrical  Pocket 
Book  and  Diary. 

CIRCULAR  MEASURE. 

Diameter  of  a  Circle  X  3.1416  gives  Circum- 
ference. 

Diameter  Squared  X  .7854  gives  Area  of 
Circle. 

Diameter  Squared  X  3. 1416  gives  Surface  of 
Sphere. 

Diameter  Cubed  X  .5236  gives  Solidity  of 
Sphere. 

One  Degree  of  Circimiference  X  57.3  gives 
Radius. 

Diameter  of  Cylinder  X  3.1416,  and  product 
by  its  length,  gives  the  Surface. 

Diameter  Square<l  X  .7854.  and  product  by 
the  length,  gives  Solid  Contents. 

A  Circular  Acre  is  235.504  feet,  a  Circular 
Rood  117.752  feet,  in  diameter.  The  Circum- 
ference of  the  globe  is  about  24,855  miles,  and 
the  Diameter  about  7,900  miles.— TTAi/roJkrr'f 
A  Imanac, 
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ANGULAR   MEASURE. 
There  ii  parieet  uaanimitr  ■>  to  tba  aUnd. 
""■ '"   '"".Ihe  ricbt  ftiislfl)  and  pr«cti- 

iubdi\i>ion  into  crmdea.  etc.,  tmee  fftvored  by 
:b«  Frviu^b,  u  non  mJbuidobrd. 

10  dacTM  "      "  "  —    1  right  uclfl  or 

IUdi»n       -■«  iwDB  lennh  »» 

ndiiB. 

-  S".2»S77ftS  13082°, 

IwKth  kT  on-  of  r  -  0.0t7U1192S20. 

[.«i«tho(  ireof  I-  ~  O.IW(»9aRS§20e. 

1"  -  0.01S707WI388. 

TIME. 

The  luili  «f  limt  mcuunmcDI  b  Ibe  nine 
imuiw  all  utliHifl.  Prvctinllv  il  ia  '  .«,■>  of 
:he  ni«n  wilar  lUy,  bul  rMlly  il  m  >  pcHmly 
krbitrary  unil,a^lb«  len^tfa  of  f  he  mean  solar 


-3t  hr>iiiT.  UlOr 


^37,3siMI     niean^  kOu- 


th        -27.tZISg2    mtrna    wial 

I         -leSdTSh.  ttm.  MM 

tion  or  (LOIUHl 
lO  tha  leooUi  o(  the  b«d  lidi- 
]f  the  lime  rA  the  eulh'a  nta- 
udn.  BmoUDU   to  aOIBl  L  B 


:    3SB3IB 

'■-  xaesi 


WKIGHTS    ASD   MEASITRES   OF  THE    BIBLE 


LrlJKit,  <<rriIi«[PI'(Jrr.  Ui.  211 

4diijit«      -I  palmlKxi-1,  XXV.  25V.., 
3  (laimK     -  I  Minn  ( Ki.ii).  xivhi.  III).  . 


oi.  not.  Cr. 


n.a  reeda       - 1  lino  (Eiek.  xl.  3 
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WEIGHTS   AND    MEASURES   OF   THE   BIBLE— Cona'niMrf. 


Dry  Measure. 

A  gachal 

SO  gachala-1  cab  (2  Kinm  vi.  25;  llev.  vi.  6) 0 

1.8  cabs     —  1  omer  ( Exod.  xvi.  36) 0 

S.S  omers  —  1  seah  (Matt.  xiii.  33) 1 

3  seahs    «1  ephah  (Esek.  xlv.  11) 3 

5  ephahs  —  1  letech  ( Hoaea  iii.  2) 16 

2  letechs  —  1  kor,  or  homer  (Num.  xi.  32 ;  Hoe.  iii.  2) 32 

N.B. — The  above  Table  will  explain  many 
texts  in  the  Bible.  Take,  for  instance,  Isa.  v. 
10-  **Yea,  ten  acres  of  vineyard  shall  yield 
one  bath,  and  the  seed  of  an  homer  shall 
yield  an  ephah."  This  curse  upon  the  covet- 
ous man  was,  that  10  acres  of  vines  shoxild 


Pecks.  Gals.  Pts. 

0      0  0.1416 

0  2.8333 

0  5.1 

0  1 

0  3 

0  0 

0  0 


produce  onlv  7  gallons  of  wine,  i.e.,  one  acre 
shoxild  yielo  less  that  3  quarts ;  and  t  hat  32 
pecks  of  seed  should  only  bring  a  crop  of  3 
pecks,  or,  in  other  words,  that  the  harvent 
reaped  should  produce  but  one-tenth  of  the 
seed  sown. 


TIME. 

The  Natural  Day  was  from  sun-rise  to  sun-set. 
The  Natural  Nigbt  was  from  sun-set  tx)  sun-rise. 

The  Civil  Day  was  from  sun-set  one  evening  to  sun-set  the  next;   for,  **the  Evening  and 
the  Morning  were  the  first  day." 


Night  {Ancient). 

First  Watch  (Lam.  ii.  19)  till  midnight. 
Middle  Watch  (Judg.  vii.  19)  till  3  a.m. 
Morning  Watch  (Exod.  xiv.  24)  till  6  a.m. 

NioHT  (New  Teatament). 

First  Watch,  evening  =  6  to  9  p.m. 
Second  Watch,  midnight  ^  9  tn  12  p.m. 
Third  Watch,  cock-crow  =  12  to  3  a.m. 
Fourth  Watch,  momin(7  »  3to   6  a.m. 


Day  {AncierU). 

Morning  till  about  10  a.m. 
Heat  ofday  till  about' 2  p.m. 
0>ol  of  day  till  about  6  p.m. 

Day  {New  Te$tament). 

Third  hour       «   G  to   9  a.m. 
Sixth  hour       »  9  to  12  midday. 
Ninth  hour       «  12  to   3  pm. 
Twelfth  hour  «  3  to   6  p.m. 


JEWISH   MONEY. 


With  itt  value  in  English  and  American  money; 

Jewish. 


the  American  dollar  being  taken  as  equal  to  4s.  2d. 

English.  American. 


A  gerah  (Exod.  xxx.  13) 

10  gerahs   « 1  bekah  (Exod.  xxxviii.  26) 

2  bekahs  =1  shekel  (Exod.  xxx.  13;  Isa.  vii. 

50  shekels  =  1  maneh 

60  maneh.M  =  1  kikkar  (talent) 

A  gold  shekel 

A  kikkar  of  gold 

N.B. — A  shekel  would  probably  purchase 
nearly  ten  times  as  much  as  the  same  nominal 
amount  will  now.  Remember  that  one  Ro- 
man penny  {S^d.)  was  a  good  day's  wages  for 
a  laborer. 

The  Hebrew  maneh,  according  to  1  Kings 
X.  17,  compared  with  2  Chron.  ix.  16,  contained 
100  shekels;    though  according  to  one  inter- 

Kretation  of  Ezek.  xlv.   12.  it  contained  60, 
ut  more  probably  50.     The  passage  reads 
thus: — "Twenty    shekels,    five    and    twenty 
shekels  fifteen  shekels  9hall  be  your  maneh. 
This  is  variously  interpreted,  (1)  20  +  25+15 


23). 


£ 

s. 

d.        Dels. 

Cents 

0 

0 

1.36-         0 

2.73 

0 

1 

1.68-         0 

27.37 

0 

2 

3.37  -         0 

54.74 

5 

14 

0.75-        27 

37.50 

-    342 

3 

9      -    1,642 

50 

1 

16 

6      -          8 

76 

-5,475 

0 

0      -26,280 

0 

-60.  (2)  20,  25,  15  are  different  coins  in  gold, 
silver,  and  copper,  bearing  the  pame  name. 
It  is  well  to  remark  the  meaning  of  these 
naroesx:  Shekel— simply  weight:  Bekah  — 
split,  i.e.,  the  shekel  divided  into  two:  Gerah 
—a  grain,  as  in  our  weights,  a  grain  and  a 
harley-com,  the  nriginai  standard  weight: 
Maneh— appotn/«tf.  equivalent  to  sterling,  a 
specific  sum :  Kikkar  —  a  round  mass  of  metal, 
i.e.,  a  weight  or  coin.  Hebrew  names  of 
weights  and  coins  are  not  found  in  the  New 
Testament:  mna  in  Luke  xix.  13  is  Greek, 
though  possibly  identical  with  the  Hebrew 
maneh. 


ROMAN   MONEY. 

Roman.  English. 

d. 

A  "farthing,"  quadrans  (Matt.  v.  26) -nearly 0.125 

A  "farthing,"  o«-4  quadrantes  (Matt.  x.  29)  =  nearly 0.5 

A  "penny,"  derwrtMS— 16  a^ses  (Matt.  xxii.  19)  — nearly 8.50 

[The  Roman  sestertius  —  2^  asses,  is  not  named  in  the  Bible.] 


American. 
Cents. 
0.25 
1 
17 


N.B. — Here  we  learn  that — 

Naaman'b  offering  to  Elisha  of  6,000  pieces 
(shekels)  of  gold  amounted  to  more  than 
£10.000  -  48.000  dollars. 

The  Debtor  (Matt,  xviii.  24)  who  had  been 
forgiven  10.000  talent?*,  i.e.,  £3.000,000=14,- 
400,000  dollars,   refu.*»ed   to   forgive    his    fel- 


low-servant 100    pence,  i.e.,  £3  10s.  lOef  — 17 
dollars. 

Ji'DAs  sold  our  I>ord  for  30  pieces  of  Eiilver, 
i.e..  £3  10s.  X<f.»l(3  dollars  96  cents,  the  legal 
vahie  of  a  slave,  if  he  were  killed  by  a  beast. 

Joseph  was  sold  by  his  brethren  for  20 
piece.M,  i.e.  £2  7».  —  1 1  dollars  28  cents. 

— Oxford  University  Bible. 
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TIME  AND    WATCH    ON    BOARD   SHIP. 


Watch. — For  purpoaes  of  discipline,  and 
to  divide  the  work  fairly,  the  crew  is  mus- 
tered in  two  divisions:  the  Starboard  (right 
side,  looking  forward)  and  the  Port  (left). 
The  day  commencee  at  noon,  and  is  thus 
divided  ^- 


Aftemoon  Watch. 
First  Dog      *• 
SeoondDog  " 
First  ••     . 

Middle 
Morning 
Forenoon 


• « 


• « 


noon  to  4  p.m. 
A  p.m.  to  6  p.m. 
0  p.m.  to  8  p.m. 
8  p.m.  to  midnight, 
xa  p.m.  to  4  a.m. 

a.m.  to  8  a.m. 

aon.  to  noon. 


i 


This  makes  seven  Watches,  which  enables 
the  crew  to  keep  them  alternately,  as  the 
Watch  which  is  on  duty  in  the  forenoon  one 
day  has  the  afternoon  next  day.  and  the  men 
who  have  onlv  four  hours'  rest  one  night  have 
eight  hours  tne  next.  This  is  the  reason  for 
having  Dog  Watche;  which  are  made  by  di- 
viding the  hours  between  4  p.m.  and  8  p.m. 
into  two  Watcher. 

TiMK. — Time  is  kept  by  means  of  "Bells," 
although  there  im  but  one  bell  on  the  ship,  and 
to  strike  the  clapoer  properly  against  the 
bell  requires  some  slcill. 


First,  two  strokes  of  the  clapper  at  the  in- 
terval of  a  second,  then  an  int^nral  ol  t«o 
seconds:  then  two  more  strokes  with  a  smv 
ond's  interval  apart,  then  a  nest  of  two  sec- 
onds, thus: — 

Bell,  okb  second;    B.,  two  secb.:   B.  a: 
B.  ss;  B.  s.;  B.  as.;  B. 

X  Bell  is  struck  at  xa.30,  and  Main  at  4.30, 
6.30,  8.30  pjn.;  12.30,  4.30.  and  8.30  ajn. 

a  Bells  at  x  (struck  with  an  interval  of  • 
second  between  each — B.  s,  B.),  the  same 
again  at  5.  7t  and  9  p.m. ;  i,  5.  and  9  ajn. 

3  Bells  at  X.30  (B.  s,  B.  m,  B.),  5.30.  7-30, 
and  9.30  p.m.;  x.30,  5.30,  and  9.30  a.m. 

4  Bells  at  a  (B.  s,  B.  ss,  B.  s,  B.),  6  and  ic 
p.m. ;  2,  6,  and  xo  tLtn. 

5  Bells  at  a.30  (B.  b.  B  ss.  B.  s,  B.  ss,  B) 
and  XO.30  p  jn. ;  a.30,  6.30,  and  10.30  a.m. 

6  Belb  at  3  (B.  s,  B.  ss,  B.  s.  B.  ss,  B.  s.  B.) 
and  X  X  p.m. ;  3,  7,  and  x  x  a.ni. 

7  Bells  at  3>30  (B.  s,  B.  ss,  B.  s,  B.  ss.  B.  s. 
B.  ss,  B.)  and  xx.30  pjn.;  3.30,  7-30,  and 
XX.30  a.m. 

8  Bells  (B.  s,  B.  ss,  B.  s,  B.  ss,  B.  s,  B.  is. 
B.  s,  B.)  every  4  hours,  at  noon,  at  4  pjn., 
8  p.m.,  midnight,  4  a.m.,  and  8  a.m. 

—Whitiaker'a  Almaitae. 


8TONK8:    SPECIFIC  GRAVITY.  WEIGHT  AND  VOLUME. 


Stonks. 


Alabaster,  calcareous. 
*  *         gyp8eou.<<i. . 

Barytes 

Basalt 

Chalk,  air-<lried 

Diamond 

Flint 


Felspar. 
Gneisj*.  . 


Granite.  . 
Graphite. 
Jasper.  .  . 


Limestone 

Marble : 

African 

British 

Carrara 

Effyptiiin  Rreen 

F[<>rentine 

French 

Mica 

Oolitic  (*t<»nes 

Ores: 

Spicular  or  re<l  iron  r»re. 

MaRTietic  iron  ore 

Brown  iron  ore 

Spathic  iron  ore 

Quarts 

Sand.Htone 

Serpentine 

Slate 

Tale,  steatite 


Specific. 
Giravity. 


Water -1. 

2.76 

2.31 

4.45 
2.45-3.00 

2.78 

3.50 

2.59 

2.60 

2.69 
2.50-2.74 

2.20 

2.72 
1.86-2.53 

2.80 
2.71 
2.72 
2.67 
2.52 
2.65 
2.93 
1.89-2.60 

5.21 

5.09 

3.92 

3.83 
2.61-2.71 
2.04-2.70 

2.81 
2.60-2.85 

2.70 


Weight  of 

one  Cubic 

Foot. 


Potmds. 

172.1 

144.0 

277.5 

152.8-187.1 

155 


164 

162.1 

168 

156-171 

137.2 

169.7 

116-158 

174.6 
169.0 
169.6 
166.5 
157.1 
165.2 
183 
118-162 

327.4 

317.6 

244.6 

238.8 

162.8-169 

127-168 

175.2 

162.1-177.7 

168,4 


Cubic 

Feet  per 

Ton- 


Cubic  Ft. 

13.0 

15.6 

8.07 

14.7-12.0 

14.5 


13.7 

13.8 

13.3 
14.4-13.1 

16.3 

13.2 
19.3-14.2 

12.8 
13.3 
13.2 
13.5 
14.3 
13.6 
12.2 
19.0-13.8 

6.84 

7.05 

9.16 

9.38 
13.8-13.3 
17.6-13.3 

12.8 
13.8-12.6 

19.3 


I 


I 
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.  SUBSTANCES,  VARIOUS:  SPECTFIC  GRAVITY,  WEIGHT,  AND  VOLUME. 


Substances. 


ick  rubbish  and  gravel) 


it« 

oua 

illaceoufl ; 

ffC 

iken.  .  . . 

^Ooc*  •  •  •  . 


K>nng. 


r,  heaped. 
»g 


Tanit« 

/imei^tone,  hard 

**  semi-hard. 

soft 

landstone 

dry 

mortar 

rdened 


se. 


dertitely  preiwed. 
id 


s. 


ement. . . 


ited  with  water. 


ion. 


Specific 
Gravity. 


Water- 1. 

1.72 

1.80 

1.90-2.40 

1.76-1.84 

.99 

1.92 

1.37-1.59 
1.20-1.31 


1.15-1.29 
1.32-1.48 
1.06-1.22 
1.44-1.60 

2.90 

2.70 

2.70 

2.53 

2.50 
1.75-1.84 

.922 
1.6(^1.90 

2.37 
2.70 
2.42 
2.34 
2.61 
2.21 
2.47 
1.65 

1.28-1.93 
1.93-2.09 
1.67-1.92 

1.77 
1.87-2.47 
1.25-1.51 

2.10 
1.44-1.87 
1.89-2.07 

1.92 
2.10-2.26 

2.00 

2.00 


Weight  of 

One  Cubic 

Foot. 


Pounds. 

107.2 

112 

124.7-135.3 

110 

61.7 

119.7 

85.4-99.1 
74.8-81.7 

93-137 

72-80 

82-92 

66-76 

90-100 

187.0 

168.4 

168.4 

158.0 

155.9 
109.1-114.7 

57.5 
99.8-118.5 

147.5 
168.5 
151.9 
145.6 
162.5 

138 

154 

103 

80-110 
110-130 
104-120 

110.4 
98 

78-94 

131 
90-117 
118-129 

119.7 
131-140.7 

124.7 

124.7 


Cubic 

Feet  per 

Ton 


Cubic  Ft. 

20.9 

20.0 

18.1-16.0 

20.4-18 

36.3 

18.7 

26.2-22.6 

30-28.1 

16-24 

31.1-28 

27.3-24.3 

34.0-29.5 

24.8-22.4 

12.0 

13.3 

13.3 

14.2 

14  4 
20.i^l9.5 

39 
22.4-18.9 

15.2 
11.4 
14.8 
15.4 
13.2 
16.2 
14.6 
21.7 

28.0-20.4 
20.4-17.2 
21.5-18.7 

20.3 

22.9 
28.7-23.  J» 

17.1 

24.9-19.1 

19-17.4 

18.7 
17.1-15.9 

18.0 

18.0 


\ 
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Fuels. 


Specific 
Gravity. 


Coals. 

Anthracite,  American. 

Bituminous  coal,  American 

Coke. 

Coke,  generally 

American 

Graphite 

Lignite  and  Asphalt. 

Perfect  lignite 

Imperfect  lisnite 

Bituminous  lignite 

Asphalt 

Wood  Charcoal. 
A  8  made,  heaj)fd. 

Oak  and  l>eech 

Birch 

Pine 


Water -»1. 

1.30-1.84 
127 


Average.  .  . 

Gunpowder,  loose.  .  . 

*  *  shaken. 

solid.  .  . 


2.33 

1.29 
1.15 
LIS 
1.06 

Heaped. 
.2i-.25 
.22-.23 
.20-.21 

.225 

.90 

1.00 

1.55-1.80 


Weight  of  One 
Cubio  Foot. 


Solid. 


Lbs. 
93.5 
84.0 

40-50 

145.3 


Heaped. 


Lbs. 
54.0 
50.0 

30.0 
32.1 


15-15.6 
13.7-14.3 
12.5-13.1 


14 


Volume  of 
One  Ton. 
Heaped 

Cub.  Ft. 


70-^ 
69.8 


WOODS:     SPKCTFIC   GRAVITY   AND   WKK^HT. 


Wood. 


«  « 


\-h 

4ft  ~ll«         ..a.  ••  •••••• 

"   with  20  per  cent.  ni<>i>ture 

Ai>plc  tree 

Bamboo 

Bocch 

with  20  per  cent,  moisture 

cut  one  year 

Birch 

BoXWOiMl 

C'jiiar  of  lA'banon 

Cork 

(Cypress,  rut  one  year ,     . 

Ei)ony 

Elder  pith 

Kltn 

"    r.recn ..       

**    with  20  i»or  corit,  inoisiiire 

Fir,  Norway  I'ine 

Spruce .  .         

Larch 

White  I'itio.  Scotch 

with  20  per  cent.  moL<ture. 

* '    Yellow  Pine,  American     

KriKli^h 

Limmm-Vit.T 

MahoRuny,  Cuba 

Honduras.  . .  

Maple 

**      20  per  cent,  moisture.  .  .  

Mulberry.     

Oak.  American 

Poplar 

White 

20  per  cent.  nu)isturr' 

Kock-Elm . 

Sycamore 

Walnut 

Willow 


4  k 
«  « 
•   4 


4  • 
«   4 


8i>ecific 
Gravity. 

Water -1. 

.84 

.70 

.79 
.31-.40 
.75-.H5 

.72-.74 

1.04 
.49-.57 

.24 

.66 

L13 
.076 
.55-.67 

.76 

.72 

.74 

.4S-.70 

.50-.64 

.53 

.49 

.46 

.66 
.65-1.33 
.56-1.06 
.56-1.06 
.65-.73 

.67 

.89 

.87 

.39 
.32-.51 

.48 

.80 

.59 

.58 

.49 


Weight  of 

One  Cubic 

Foot. 

Pounds. 

52.4 

43.7 

4.V5 
19.5-24.9 
4«.S-50.3 

51.1 

41.2 
44.9-4»;.l 

»i4.S 
30.6-35.5 

15.0 

41.2 

70.5 

4.74 

34.3 

47.5 

44.9 

46.1 
29.9-43.7 
31.2-39.9 

34.3 

30.6 

2S.7 

41.2 
40.5- S2.9 

34.9 

34.9 

40.5 

41.S 

55.5 

!y%.tt 

24.3 
20.0-31.8 

29.9 

50.0 

36.S 

42.4 

30.0 
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ANIMAL  srBsTA\(:i:s:    sri.(  IMC  (.i:a\iiv  and  \vi:k;ht.    i(  lau.iri.j 


Substance, 


Pearls. 

Coral 

Ivory 

Bone 

Wool 

Tendon 

Cartilage 

Human  Body.    

Nerve 

OCCSlV  S  X  ■• • 

Lard 

Spermaceti 

White  of  Whalebone. 

Butter 

Pork  Fat 

Tallow 

Beef  Fat 

Mutton  Fat 


VEGETABLE   SUBSTANCES: 

Cotton 

Flax 

Starch 

Sugar 

Gutta-percha 

India-rubber 


Specific 
Gravity. 


Gnun: 

Wheat,  California. 

Peas 

Indian  Com 


Water -1. 
2.72 
2.69 
1.82-1.92 
1.80-2.00 
1.61 
1.12 
1.09 
1.07 
1.04 

.96 

.95 

.94 

.94 

.94 

.94 

.92 

.92 

.92 


1.95 
1.79 
1.53 
1.005 
.97 
.93 
Weight  of 
One  Cu.  Ft., 
loosely 
filled. 
49 
50 
43^ 


Weight  of 
One  Cu.  Ft. 


Pounds. 

169.6 

167.7 

114-119.7 

112.2-124.7 

100.4 

69.8 

68.0 

66.7 

64.9 

59.9 

59.3 

58.8 

58.7 

58.7 

58.7 

57.5 

57.5 

57.4 


121.6 

111.6 

95.4 


60.5 

58.0 

Weight  of 

OneCu.Ft.. 

closely 

filled. 

53 

54 

47 


LIQUIDS:     SPECIFIC    GRAVITY    AND    WEIGHT. 


Liquids  at  32**  F. 


Mercury 

Sulphuric  Acid,  maximum  concentration. 

Nitrous  Acid 

Chloroform 

Nitric  acid,  of  commerce 

Acetic  acid,  maximum  concentration.  . .  . 
MUk 


Sea  Water,  ordinary. 
Pure  Water,  at  Sg**  F. 

Wine,  Red 

Oil,  Linseed 

•  *   Rapeseed 

••    Whale 

••  Olive 

••  Turpentine 

Tar. 

Petroleum 

Naphtha 

Ether,  Nitric 

"      Sulphurous.  . . 
* '      Nitrous 

•  •      Acetic 

•  •      Hydrochloric. 
**      Sulphuric. .  .  . 

Alcohol,  proof  spirit.  . 

•  \      pure. 

Bensine 

Proof  Spirit 


Specific 
Gravity. 


Water  =1. 
13.596 
1.84 
1.55 
1.53 
1.22 
1.08 
1.03 
1.026 
1.000 

.99 

.94 

.92 

.92 

.915 

.87 
1.00 

.88 

.85 
1.11 
1.08 

.89 

.89 

.87 

.74 

.92 

.79 

.85 

.80 


Weight  flf 

One  Cubic 

Foot. 


Pounds. 
848.7 
114.9 

96.8 

95.5 

76.2 

67.4 

64.3 

64.05 

62.425 

62.0 


.7 

.4 

4 

1 

.3 
.4 


58. 

57. 

57 

57. 

54. 

62. 

54.9 

53.1 

69.3 

67.4 

55.6 

55.6 

54.3 

44.9 

57.4 

49.3 

53.1 

49.9 


Weight 
of  One 
Gallon. 


Poimdfl. 
136.0 
18.4 
15.5 
15.3 
12.2 
10.8 
10.3 
10.3 
100112 

9.9 

9.4 

9.2 

9.2 

9.15 

8.7 
10.0 

8.8 

8.5 
11.1 
108 

8.9 

8.9 

8.7 

7.2 

9.2 

7.9 

8.5 

8.0 
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GASES  AND  VAPORS:    SPECIFIC  GRAVITY.  WEIGHT.  AND  VOLUME. 


Gases  at  32^  F.,  and  under  one 
A^osphere  of  Pressure. 


Mercury 

Chlorotonn 

Turpentine 

Acetic  Ether 

Bensine 

Sulphuric  Ether 

Chlorine 

Sulphurous  Acid 

Alcohol 

Carbonic  Acid 

Oxygen 

Air 

Nitrogen 

Carbonic  Oxide 

Olefiant  Gas 

Aromoniacal  Gas 

Light  Carbureted  Hydrogen 

Coal  Gas 

Hydrogen 


Specific 
Gravity. 


Air-L 

6.9740 

5.3000 

4.6978 

3.0400 

2.0943 

2.5860 

2.4400 

2.2470 

1.6130 

1.5290 

1.1056 

1.0000 

.9701 

.9674 

.9847 

.5894 

.5527 

.4381 

.0692 


Wmght  of  One 
CuMO  Foot. 


Pounds. 
.563 
.428 
.378 
.245 
.217 
.209 
.197 
.1814 
.1302 
.12344 
.089253 
.060728 
.078596 
.0781 
.0795 
.04758 
.04462 
.03536 
.005592 


Ounces. 

9.008 

6.846 

6.042 

3.927 

3.480 

3.340 

3.152 

2.902 

2.083 

1.975 

1.428 

1.29165 

1.258 

1.250 

1.272 

7.613 
.7130 
.5658 
.0895 


Volume  of 

One  Pound 

Weight 


Cub.  Ft. 

1.776 

2.317 

2.617 

4.075 

4.598 

4.790 

5.077 

5.513 

7.679 

8.101 

11.205 

12.387 

12.723 

12.804 

12.580 

21.017 

22.412 

28.279 

178.83 


WEIGHT  AND   VOLUME   OF  BODIEa 

(Tod.) 


Bodies. 


Mf-TTALS. 

Antimony,  cast 

Zinc,  cast 

Iron,  cast 

Tin,  cast 

**    hardene<l 

Pewter 

Iron,  bar 

Cobalt,  cast 

Steel,  hard 

**     soft  meteoric 

Iron,  hammered 

Nickel,  cast 

Brass,  cast 

• '      wire 

Nickel,  hammere<l 

Clun-metal 

(\>|)per,  cast 

wire 

**       coin 

Bismuth,  cast 

Silver,  hammered 


com. 


'*      pure,  cast 

Rho<lium 

I^nd,  cast 

Palladium 

Mercury  (quicksilver)  common.  .  .  . 

pure 

Gold,  trinket 

**     coin 

**     pure,  cast 

**     hammered 

Platinum,  pure 

**         nammere<l 

*'  wire . .         

**         laininate<l 

Iridium.  hammere<l 


Weight  of  One 
Cubic  Foot. 


Ok. 

6.702 

7.190 

7.207 

7.291 

7.299 

7.471 

7,788 

7,811 

7,816 

7.833 

7,9(V5 

8,279 

8,395 

8,544 

8.666 

8.784 

8.788 

8.878 

8,915 

9,822 

10.510 

10,534 

10,744 

11,000 

11,352 

11,800 

13,568 

14.000 

15,709 

17,647 

19,258 

19,316 

19,500 

20.336 

21.041 

22.069 

23.000 


Lb. 

418.8750 

449.3750 

450.4375 

455.6875 

456.1875 

466.9375 

486.7500 

488.1875 

488.5000 

489.5625 

497.8125 

517.4375 

524.6875 

534.0000 

541.6250 

549.0000 

549.2500 

554.8750 

557.1875 

613.8750 

656.8750 

658.3750 

671.5000 

687.5000 

709.5000 

737.5000 

848.0000 

875.0000 

981.8125 

1,102.9375 

1.203.6250 

1.210.0625 

1.218.7500 

1,271.0000 

1,315.0625 

1,379  3125 

1.4,37.5000 


Weight  of 

One  Cubic 

Inch. 


o». 

3.8748 

4.1608 

4.1707 

4.2193 

4.2239 

4.3234 

4.5069 

4.5202 

4.5231 

4.5329 

4.6093 

4.7910 

4.8582 

4.9444 

5.0150 

5.0833 

5.0850 

5.1377 

5.1591 

5.6840 

6.0821 

6.0960 

6,2175 

6.3657 

6.3694 

6.8287 

7.8518 

8.1018 

9.0908 

10.2123 

11.1446 

11.2042 

11.2847 

11.7685 

12.1765 

12.7714 

13.3101 


Cubic 
Inches 
in  One 
Pound. 


Cub.  Id. 
3.8866 
3.8431 
3.8364 
3.7920 
3.7878 
3,7007 
3.5500 
3.5396 
3.5373 
3.5296 
3.4792 
3.3395 
3.2933 
3.2359 
3.1903 
3.1476 
3.1461 
3.1140 
3.0959 
2.8149 
2.6306 
2.6246 
2.5733 
2.5134 
2.4355 
2.5134 
2.0377 
1.9748 
1.7600 
1.6124 
1.4356 
1.42S0 
1.4178 
1.3595 
1.3140 
1.2528 
1.2021 
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SPEanC  GRAVITY. 

TaUes  showing  a  oompariaon  of  the  degrees  of  Baum^,  Cartier,  and  Beck's  Areometers,  with 
tecific  gravity  degrees. 


For  Liquids  Lighter  than  Water. 

For  Liquids  Heavier  than  Water. 

3ecnws  of 

Degrees  of 

Baumd. 

Beck. 

JS*         , 

Baumd. 

Cartier. 

Beck. 

Baumd, 

Baume, 

Ourtier. 

Beck. 

8p.  Gr. 

Sp.  Gr. 

Beck. 

8p.  Gr. 

Sp.  Gr.         8p.  Gr. 

0 

1  000 

1.0000 

1 
2 
3 
4 

1.007 
1  014 
1.020 
1.028 

1.0059 
1.0119 

0 

1 

1  0000 
0.9941 

1 

; 

1.0180 

2 

0.9883 

1.0241 

3 

0.9826 

5 
6 
7 
8 
0 

1.034 
1.041 
1.040 
1.057 
1.064 

1.0303 

4 

' 

0.9770 

1.0366 

5          ' 



0.9714 
0.9659 
0.9604 

1.0429 

6 

, 

1.0494 

7 

1  0550 

8 

0  9550 
0.9497 
0.9444 

10 
11 
12 

1.072 
1.080 
1  088 

1.0625 

9 

1.0692 

10 

i.ooo 

1.0759 

11 

0.993 

1.000 

0.9392 

13 

1.006 

1.0828 

12 

0.986 

0  992 

0.9340 

14 

1.104 

1.0897 

13 

0.979 

0  985 

0  9289 

15 

1.113 

1.0968 

14 

0.973 

0.977 

0.9239 

16 

1.121 

1.1039 

15 

0.967 

0.969 

0.9189 

17 

1  130 

1.1111 

16 

0.960 

0.962 

0.9139 

18 

1.138 

1.1184 

17 

0.954 

0.955 

0.9090 

19 

1.147 

1.1258 

18 

0.048 

0.948 

0.9042 

20 

1.157 

1  1333 

19 

0.042 

0.941 

0.8994 

21 

1.166 

1.1409 

20 

0.935 

0.934 

0.8947 

22 

1.176 

1.1486 

21 

0.929 

0.927 

0.8900 

23 

1.185 

1.1565 

22 

0.924 

0.920 

0.8854 

24 

1.195 

1.1644 

23 

0.918 

0.914 

0.8808 

25 

1.205 

1.1724 

24 

0.912 

0.908 

0.8762 

26 

1.215 

1.1806 

25 

0.906 

0.901 

0.8717 

27 

1.225 

1.1888 

26 

0.901 

0.895 

0.8673 

28 

1.235 

1.1972 

27 

0.895 

0.889 

0.8629 

29 

1.245 

1.2057 

28 

0.889 

0.883 

0.8585 

30 

1.256 

1.2143 

29 

0.884 

0.877 

0.8542 

31 

1.267 

1.2230 

30 

0.879 

0.871 

0.8500 

32 

1.278 

1.2319 

31 

0.873 

0.865 

0.8457 

33 

1.289 

1.2409 

32 

0.868 

0.859 

0.8415 

34 

1.300 

1.2500 

33 

0.863 

0.853 

0.8374 

35 

1.312 

1.2593 

34 

0.858 

0.848 

0.8333 

36 

1.324 

1.2680 

35 

0.853 

0.842 

0.8292 

37 

1.337 

1.2782 

36 

0.848 

0.837 

0.8252 

38 

1.349 

1.2879 

37 

0.843 

0.831 

0.8212 

39 

1.361 

1.2977 

38 

0.838 

0.826 

0.8173 

40 

1.375 

1.3077 

30 

0.833 

0.820 

0.8133 

41 

.    1.388 

1.3178 

40 

0.829 

0.815 

0.8095 

42 

1.401 

1.3281 

41 

0.824 

0.810 

0.8061 

43 

1.414 

1.3386 

42 

0.819 

0.805 

0.8018 

44 

1.428 

1.3492 

43 

0.815 

0.800 

0.7981 

45 

1.442 

1.3600 

44 

0.810 
0.806 
0.801 
0.797 
0.792 
0.788 
0.784 
0.781 
0.776 
0.771 
0.769 
0.763 
0.759 
0.755 
0.751 

0.7944 
0.7907 
0.7871 
0.7834 
0  7799 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

1.456 
1.470 
1.485 
1.500 
1.515 
1.531 
1.546 
1.562 
1.578 
1.596 
1.615 
1.634 
1.653 
1.671 
1.600 

1.3710 

45 

1.3821 

46 

1.3934 

47 

1.4050 

48 

1.4167 

49 

0.7763 

0.7727 

0.7692 

1      0.7658 

,      0.7623 

1.4286 

50 

1.4407 

51 

1.4530 

52 

1.4655 

53 

1.4783 

54 

0.7589 
0.7556 
0.7522 
0.7489 
0.7456 

1.4912 

55 

1.5044 

56 

1.5179 

57 

1.5315 

58 

1.5454 

59 

0.748 
0.744 
0.740 
0.736 

0.7423 
0.7391 
0.7359 
0.7328 

61 
62 
63 
64 

1.709 
1.729 
1.750 

1.6506 

60 

1.5741 

61 

l.fiMM 

62 

\      \.-n\      \      \.H»^ 
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UNITS    OF    IX)G   MEASUJIE. 

In  the  Unitcxl  States  and  C^mada  logi*  are 
mcMt  commonly  measured  in  board  feci. 
FirewfKxl  and  wtMni  cut  into  ^hort  l)olt»,  such 
AS  itmall  |>ulpw(Nxl,  excel.xior  wimnI,  etc..  are 
atuallv  nieai«ure4l  in  cords.  In  the  Adiron- 
dack Mountains  the  19-inch  standard,  or,  a^i 
it  is  often  c-alled,  "the  market,"  is  a  common 
unit  of  lf>^  measure.  In  some  localities  a  log 
22  inches  in  diameter  at  the  small  end  and  13 
feet  long  is  iL'ied  as  a  stamlard  log  and  is  the 
unit  for  buying  and  selling  timl>er.  In  other 
sections  standards  are  use<l  which  are  base<l 
on  logs  12  feet  long  ami  respectively  21, 22,  and 
24  inches  in  diameter  at  the  small  end  inside 
the  bark. 

In  some  cases  logs  are  measuretl  in  cubic 
feet.  This  in  conmion  with  long  s|iar  tim- 
l>er  and  with  long  logs  to  l)e  cut  or  hewn 
square.  In  many  localities  timber  is  sold  by 
the  log  or  tree,  and  in  some  Nectionx  standing 
tim)>or  is  sold  for  a  s|>ecified  amount  i>er  acre 
or  other  unit  of  land  measure.  Piles  ami 
mine  [)ro|>s  are  a*<ually  s<»ld  by  the  (liece  or  by 
the  linear  foot.  Jxtgs  are  (K'ca^ionally  sold 
by  the  ton. 

n(jARI)  MEASURE. 

The  unit  i>f  b«>ard  measure  is  the  lM»ard 
f<K)t.  which  IS  the  contents  of  a  board  1  f<H)t 
square  and  I  inrh  thirk.  The  nuinlier  of 
lM»ard  feet  which  can  be  sawe«l  from  logs  of 
diH«'ront  diameters  and  lengths  is  shown  in 
log  nil«"i. 

l,oK-»  arc  u-'Uallv  mea-ure«l  at  the  small 
cn«l  in-idc  tlic  bark,  bj»<-ause  the  rcnmval  <if 
tin*  -labs  rcdures  the  loits  to  the  dimensions 
«if  the  small  cn«l.  This  i-*  the  custom  in 
n)c:l>^ll^inK  short  lojt»i  Wy  all  the  rules  which 
ari>  ii«^'l,  e\«'cpt  iii  certain  rar-c*;.  Some  of  the 
rill*''.,  for  example  the  Doyle  and  the  Par- 
triiltr*'  riilc*-.  were  intended  by  their  origina- 
t«»r-  ti»  he  used  for  an  a\crage  diameter,  but 
mo-^t  persons  who  u-e  th<*m  take  the  dianjcter 
at  the  small  end,  e\<'(?pt  m  <'ase  of  long  tim- 
ber. In  me:i*<iiiing  Iouk  Ioks  whi<'h  are  to  be 
cut  into  short  l«»es  bet'ote  being  ^awc<l  into 
biiar-N,  the  diameter  i-  ii-ually  n«»t  taken  at 
the  small  end  alone.  Thii-  in  u-ing  the 
.Maine  Kule,  Imiht  |,,^s  are  •'(•ale<i  a<  two  legs. 
'1  he  diameter  at  the  .-njall  end  in^-itle  the  baik 
IS  me.'iMire  I  atnl  \^  taken  as  the  diameter  of 
the  upperm<«>t  l»>it.  The  diameitT  at  the 
■^mall  end  «»f  the  lower  loj;  i«.  estimated  by 
the  loi:--<aler.  Aimther  method  i>f  mea.-^ur- 
inu  loiiK  1' !»;>•.  (iftori  ii>-ed  with  tlie  l>i>\le  lUde, 
is  til  take  the  iliameter-  at  ln»th  ends  in.-ide 
the  l)ark,  a\era»re  them,  atnl  use  \\i\-  aNerajJc 
a<  the  diameter  of  the  1«  ir.  Still  ancither 
meth'-ii  in  um'  i-  to  take  the  diamrtei  in-ii|e 
the  liark,  «ine-thir>l  the  di-tanoe  fn«m  the 
small  end  ot  t  lie  Ihk. 

1.<»K^  are  u-ually  eut  from  2  to  (i  inehes 
longer  than  the  .-tandard  Icmrth-  «  f  l>«>ari|«., 
to  nlh'W  fur  brui'inp  m  hariillini:.  1  hi-  adiji- 
ti<m:il  li>ni;th  i--  iji-reear dfd  in  -«;diiii:. 

b'»K  rule-  Kive  thr  numlKT  of  b«»:iid  feet  in 
I«»Ks  whi<'h  art-  «tiamht  and  -oiin-i.  If  \ip^ 
aie  unsound  or  otherwin;  ■lefeciive.  a  c-ertain 
alhiwaiice  mu»t  be  made  by  the  *<aler.  Tlio 
detenniniiti.in  of  the  amount  in  board  fert 
whieh  -hould  be  deilu«-te«l  f«ir  un»ouiidne-<  or 
defcet-  in  a  Ki\en  log  if<|iiire-  meat  -kill  on 
the  jiarl  ot  tlie  -laler.  and.  ."is  it  i-  :i  m.-itit-r  of 
judgnuMit  in  earh  la-c,  no  dolimte  tliieiiion,-. 
can  be  given. 


I 


COKD  MKASUKE. 

Firewood,  small  pulpwoo^i.  ami  matcral 
cut  into  short  sticks  for  excelsior,  etc.,  is  bk- 
ally  measure<l  by  the  cnrrl.  A  conl  b  1S« 
cubic  feet  of  staeketl  wooii.  The  vuod  » 
usually  cut  into  4-foot  lengths,  in  which  caic 
a  corcT  ia  a  stack  4  feet  high  and  8  feet  k»c- 
Sometimes,  however,  puliiwood  is  cut  5  fed 
hmg,  and  a  stack  of  it  4  leet  high  and  8  feet 
long  is  considered  1  cord.  lu  thi»  case  the 
corri  contains  100  cubic  feet  of  stacked  wimkI. 
In  Icx^ities  where  firewood  is  eut  in  S-fra)t 
lengths  a  cord  makes  a  stack  4  feet  hifdi  itnl 
0^  feet  long,  and  contains  130  cubic  feet  *>f 
stacked  wooil.  Where  it  is  <le^irable  to  u:<e 
shorter  lengths  for  si>ecial  purposes,  the 
sticks  are  often  cut  1  ^,  2.  and  even  3  feet  loof. 
A  stack  of  such  wood,  4  feet  high  and  8  fee> 
long,  b  consideretl  1  curd,  but  the  price  » 
always  ma<le  to  conform  to  the  short  dc9«  iA 
the  measure. 

A  cord  foot  is  one-eighth  of  a  conl.  A  cord 
foot  is  a  stack  of  4-f(X>t  wotni  4  feet  high  sikI 
1  foot  long.  Farmers  frequently  siieak  oi  % 
toot  of  conl  wixkI.  meaning  a  cttni  ifi»t.  By 
the  expres.<4ion  "surface  foot"  is  meant  the 
number  of  square  feet  meaaured  on  the  si^le 
of  a  stack. 

In  some  localities,  particulariy  in  Ne« 
England,  conl  wotwl  is  measured  by  meaa*  of 
cali|>ers.  Instead  of  stacking  the  wood  and 
computing  the  conls  in  the  onlinarv-  way.  the 
average  (liameter  of  each  l(»g  is  deterniiiici 
with  cali|>ers  and  the  number  of  cords  i>)^ 
tained  by  consulting  a  table  which  gives  thr 
amount  of  wood  in  log««  of  different  inanietcr< 
and  lengths,  expresse<l  in  so-called  cylin<lri»l 
feet.  A  cylindrical  f<H)t  is  one  one-huni!reJ 
and  twenty-eighth  of  a  cord.  A  l>etter  term 
wtnild  be  **Btacke<i  cubic  fiKit."  a>  it  repre- 
sents a  cubic  f(M>t  of  stacketl  wykmI,  a"  opi>i>sr«i 
to  a  cubic  foot  of  solid  w(>«h1.  The  number  "i 
cylindrical  or  stacked  cubic  feet  in  a  1<«  i* 
computed  by  squaring  the  avenige  ilianif'te-r 
of  the  lt>g  in  inches,  multiplying  bv  the  leiif^h 
of  the  log  in  feet,  and  <iividing  the  result  hy 
144. 

Some  tables  give  the  re>ults  in  feet  aij-l 
inches  (cylindrical  or  ^tacked  cubic,  nut 
linear  feet). 

A  .««i»ecial  caliper  rule  for  niea.<uring  rt»nl 
wo<id  has  been  ina<le  by  Mr.  John  Huniphre>, 
of  Keenc,  N.  H.  Instead  of  con.Mtlering  a 
cylindrical  or  stacked  cubic  foot  e<iuivalent  ii> 
one  one-hundrei|  and  twenty-eighth  of  a  i-onl. 
he  has  assumed  it  to  lie  equivalent  to  one  one- 
hundre<lth  of  a  cord.  In  either  ca.'te  ihf 
rylindrical  or  stacke<l  cubic  ftMit  is  a  purely 
arbitrary  unit  and  the  final  results  in  cord^arr 
the  same. 

The  number  of  cylindrical  or  starkei 
cubic  feet  in  the  different  logs  is  iletemiinei 
by  means  of  cali|>ers  and  referenee  i"  >» 
table,  or  by  means  of  the  calii»ers  alone  if  die 
re-ults  are  inscribetl  <lirectiy  ujMin  tbcir- 
Th(>  total  numl)er  of  cvlindrical  or  HtarLei 
<'ubic  fiM't  is  then  divide«l  by  12.s. 

CONVKKSION  OF  COUD   ME.\SURK 
l.NTO  UUBIC  MEASURE. 

Dealers  in  wtKxl  freouently  wi-h  to  n'nx^'Ti 
rr»r.i  me:isure  into  cubic  measure,  and  \i*^ 
ver-a.  The  converting  factor  uscil  de{»en<!* 
primarily  I'U  the  fonn  <»f  the  wimnI.  If  the 
womj  i^  xoht,  there  is  more  solnl  contei't* 
\\\    \x  rVwvV^V.  <:o^*l   than    if   the  wootl  i?  "a 
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;k9.  There  is  more  wood  in  a 
:k  if  the  stickn  are  smooth  ami 
lan  if  they  are  rough  and  crooked, 
u-tine  factor  depends,  further,  on 
ter  oi  the  stacking.  If  the  wood  in 
tacked  there  is  more  solid  contents 
I  the  work  is  poorly  done.  It  has 
1  in  Europe  through  a  series  of  care- 
-ement^  that  a  stack  of  wood  ma^ 
1  to  solid  cubic  measure  by  multi- 
number  of  cubic  feet  by  the  follow- 


i: 


)lit  firewood 

nail  round  firewood. 


0.7 

.G 


cord  of  split  firewcxxl  is  equivalent 

bic   feet  multiplie<l   by  0.7,   which 

5  cubic  feet.     To  convert  a  given 

cords  into  solid  cubic  feet,  multi- 

and  then  multiply  the  product  by 

according  as  the  wood  '\n  split  or 

'  small  round  sticks;    or  multiply 

'  89.6. 

ert  a  ^ven  number  of  solid  cubic 
nrds,  divide  by  128  and  then  divide 
by  0.7  or  0.0.  according  to  the  fornj 
)J;  or  divide  directly  by  89.0.  If 
ng  is  very  poor  or  if  the  woo<l  is 
crooked,  the  figures  must  be  moili- 

can  l>e  given  for  converting  cor<l 
nto  boani  measure.  Lumbermen 
I  cord  of  wood  values  varying  from 
00  board  feet.  So  much  deiJends 
luality  of  the  woo<l,  the  purpose  for 
%  to  be  used,  the  methfxl  of  piling, 
lo  constant  converting  factor  can  he 

piled  in  stacks  and  inea.Hure<l  in  the 
as  firewood. 


RSION  OF  CrBIC  MEASIHE 
4TO  BOARD  MEASURE. 

0  between  the  number  of  board  feet 
feet  in  logs  depends  on  the  s|)ecies 

1  the  s«i»e  of  the  logs,  and  on  the 
r  scaling.  The  ratio  for  standing 
nds,  further,  on  the  minimum  size 
rchantable  log.  For  example,  the 
Id  \ie  different,  if  4  l(»gs  were  cut 
B,  from  the  result  if  only  .3  logs  were 
itisfactory  figures  can,  therefore, 
mI  only  by  comparing  the  scales  of 
ees  actually  measured  in  the  wo<mIs. 
es  are  now  Iwing  prepared  by  the 
'  Forestry  for  tlifierent  si>ecie.'<  in 
egions. 

EMENT  OF  SAWED  LIMBER— 
BOARD  MKASl  RE. 

>erficial  measure  of  inch  boards  is 
jy  multiplying  the  width  in  inches 
gth  in  feet  and  dividing  by  12.  Ta- 
ng the  contents  of  boanls  of  diflfer- 
<  and  lengths  are  publishe<l  in  prac- 
sry  lumberman's  ready  reckoner,  of 
pe  are  many  on  the  market, 
(tents  of  boards  thicker  than  1  inch 
sed  by  multiplying  the  wi<lth  in 
the  thicknev<  in  inches  an«l  the 
y  the  lenjKth  in  feet,  and  then  divid- 
— The  \\  oodman'a  Handbook. 


HARDNESS  OF  MINERALS: 

2:  ™*k  Salt,  f  S<^™tched  by  finger  naU. 

3.  Calcite        1 

5!  ApaTitc       ^  Scratched  by  a  knife  blade. 

6.  Orthoclase  J 

7.  Quarts        i 

8.  Topas  !  May      be      roughly 

9.  Corundum  I        guished  by  a  file. 
10.  Diamond    j 


distin- 


HEAT— ITS    MECHANICAL 
EQUIVALENT. 

Heat  is  a  peculiar  motion  of  the  particles  of 
matter  which  prevents  their  contact.  Heat 
and  mechanical  power  are  convertible  forms 
of  energy.  The  energy  of  the  heat  that 
raises  one  pound  of  water  1^  F.  will  lift  a 
weight  of  778  lbs.  one  foot.  The  power  of 
a  weight  of  778  lbs.  descending  one  foot,  if 
applied  to  a  small  paddle  wheel  turning  in 
one  pound  of  water,  will,  by  friction,  raise 
the  temperature  of  the  water  1°  F. 

.4  hrai'unitia  the  amount  of  heat  that  raises 
a  pound  of  water  1^  F.,  or  that  lifts  a  weight 
of  778  lbs.  one  foot. 

The  mechanical  equivalent  of  a  heat-unit  is 
the  power  of  a  weight  of  778  lbs.  descending 
one  tf>ot,  or  of  a  one-pound  weight  descending 
778  feet.     Hence, 

778  foot-pounds  —     1  heat-unit. 
1  heat-unit       '^778  foot-poun<ls. 

A  galvanic  battery  that  (inxluces  an  elec- 
trical current  capable  of  heating  one  |>ound  of 
water  1°  F.,  will  yielil  magnetic  fiSrce  suflR- 
cicnt  to  raise  a  weight  of  778  lbs.  one  foot 
high. 

Thus  heat,  electricity,  magnetism,  and 
chemical  force  are  brought  into  numerical 
correlatifm  with  mechanical  [K)wer. 

The  illustrious  philosopher.  Dr.  J.  P.  Joule, 
of  .Manchester,  England,  first  measured  accu- 
rately the  mechanical  equivalent  of  heat, 
A.I).  1845. 

Heat  of  Metals. — A  mefal  is  an  element 
l>osse.ssing  a  luster,  and  the  higher  rxides  of 
which  only  are  acid-forming  compound.**. 
Metals  have  the  following  properties:  A  spe- 
cific gravity  usually  greater  than  one.  The 
specific  heat  is  less  than  unity,  and  this  lieat 
varies  inversely  as  the  atomic  weight  of  that 
element.  The  conductivity  «»f  the  metals  is 
greater  than  that  of  either  the  nim-metals  or 
their  compounds. 

The  influence  of  heat  ui)on  metals  is  very 
varie<l;  some  melt  at  a  low  temperature, 
others  require  a  red  heat,  a  strong  re<l,  or  a 
white  heat  resi>ectively,  to  melt  tnom.  The 
following  table,  by  Pouillet.  will  explain  the 
temperatures  corresponding  to  different  colors: 


Heat  Color. 

Incipient  re<l  heat.  . 

Dull  reil 

Incipient  cherry  re<l 

Cherry  re<l 

Clear  cherry  red..  .  . 

Deep  orange 

Clear  orange 

White 

Bright  white 

Dazzling  while 


Corresiwnds  to 


52,)° 

700 

800 

900 

1,000 

1.100 

1,200 

1.300 

1,400 


C. 


^ 


977°] 
1,292 
1,472 
1.052 
1.832 
2,012 
2.192 
2.372 
2,552 
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STEAM    PRESSURE    AND   TEMPERATURE. 


Pressure 

Corresponding 

Pressure 

Correspondinc 

Pressure 

Correspoodiof 

in  Lbs.  per 

Temperature, 

in  Lbs.  per 

Tempsrature, 

in  Um.  per 

Temperature. 

Sq.  In. 

Fahrenheit. 

Sq.  In. 

Fahrenheit. 

Sq.  In. 

Fahrenheit 

10 

192.4 

65 

301.3 

140 

357.9 

15 

212.8 

70 

306.4 

150 

363.4 

20 

228.5 

75 

311.2 

IflO 

368. 7 

25 

241.0 

80 

315.8 

170 

373.6 

30 

251.6 

85 

320.1 

180 

378.4 

35 

260.9 

90 

324.3 

190 

382.9 

40 

209.1 

95 

328.2 

200 

387.3 

45 

276.4 

100 

332.0 

210 

391.5 

50 

283.2 

110 

339.2 

220 

195.5 

55 

2S9.3 

120 

345.8 

230 

399.4 

60 

295.6 

130 

352.1 

240 

403.1 

TABLE    OF    TEMPERATURE. 


Degree  of  Fahr. 


2,786. 
1,996. 
1.947. 
1,873. 
1,750. 


1.000. 

980. 

941. 
773. 
644. 

640. 

630. 
617. 
600. 
518. 
442. 
380. 
356. 
315. 


302. 
257. 

25(>. 

239. 

238. 
221. 


220. 
2  IS. 
216. 


214 

213  or  (213.5). 
212 


Cast  iron  melts  (Daniell). 
Copoer  melts  (Daniell). 
Golo  melts. 
Silver  melts  (Daniell). 
Brass  •  (containing    25%    of 

sine)  melt.*t  (Daniell). 
Iron,  bright  cherry  red  (Poil- 

let). 
Red  heat,  visible  in  daylight 

(Daniell). 
Zinc  begias  to  bum  (Daniell). 
Zinc  melts  (Daniell). 
Mercurv  boils  (Daniell),  662 

(Graham). 
Sulphuric    acid     boiln    (Ma- 

O'  niac),  620  (Graham), 
e  oil  boils  (Graham). 
Pure  lead  melts  (Uudberg). 
Linseed  oil  boils. 
Bi.'tmuth  melts  (Gmelin). 
Tin  melt.'*  (Crichton). 
ArseniouH  acid  volatilises. 
Metallic  arsenic  sublimes. 
Oil      of      turpentine      boils 

( Kaure). 
Ktherification  ends. 
Saturatetl  sol.  r)f  sal  ammo- 
niac l>oilH  (Taylor). 
Saturated  sol.  of  acetate  of 

M>da  boils. 
Sulnhur   melt.s   (Miller),    226 

(Fownes). 
Saturated  sol.  of  nitre  boils. 
Saturated   sol.    of   salt    boils 

( I*aris  Coilex).  • 

Saturate*!  sol.  of  alum.  carb. 

so<ia,  and  sulph.  lino,  boil. 
Saturate<l  .sol.  of  chlorate  and 

pru>».'»iatc  potash,  boil. 
Saturate*!  ^<ol.  of  suli)h.  iron. 

.sulph.    cop|)er,    nitrate   of 

lead,  boil. 
Saturated     sol.     of     acetate 

lead,     sulph.     and     bitar- 

trato  potash,  boil. 
Water     l>egins     to     boil     in 

glass. 
Water  boils  in  metal,  barom- 
eter at  30*. 


Degree  of  Fahr. 

211 Alloy  of  5  bisnuth.  3  tin. 

lead,  melts. 
201 Alloy  of  8  bismuth,  5  lead. 

tin,  melts  (Kane). 

207 Sodium  melts  ( Reipault). 

185 Nitric  acid  1.52  begins  to  bo 

180  (about). .  .   Starch    forms    a    gelatino 

compound  with  water. 
176 Rectified  spirit  boils,  beni 

distils. 
173 Alcohol  (sp.  gr.  .796  to  .80 

boils. 
151 Beeswax  melts  (Kane),  1 

(Lepage). 
150 Pyroxylic  spirit  boil.^  (Sea 

Ian). 
145 White  of  egg  begins  to  coa 

ulate. 
141.8 Chloroform,  and  ammonis 

.945,  boU. 
132 Acetone    (pyroacetic   spin 

boils  (Kane). 
122 Mutton    suet    and    stymr 

melt. 
116. Bisulphuret  of  carbon  boi 

(Graham). 
1 15 Pure  tallow  melts  (Lepafi 

92  (Thomson). 
112 Spermaceti    and    stearin 

lard  melt. 

Ill Phosphorus  melts  (MillerV 

98 Temperature  of  the  blood. 

95 Ether  (.720)  boUs. 

95 Carbolic    acid    crystals   I 

come  an  oily  liquid. 
Acetous  fermentation  ccas 

water  boils  tin  vacuo. 
Vinous   ferm.   ends,  aeeto 

ferm.  begins. 


8M. 


/  <, 


64.4 Oil  of  anise  liquefies. 

5'J Gay      Lussao's      A  Icoomi 

graduated  at. 

55 Sirups  to  be  kept  at. 

30  (about)...   Olive   oil  becomes  partia 

dolid. 

32 Water  freeaes. 

5 Cold    produced    by    snow 

parts  and  salt  1  part. 
37.9 Mereury  freeaes. 

->Ceefcf 
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LINEAR  EXPANSION  OF  SOLIDS  AT  ORDINARY  TEMPERATURES. 


Subetanoe. 

Forl^Fahr. 

Fori**  Cent. 

Aluzniniuxn  (cast) 

Length—  1. 
.00001234 

Length -»  1. 
.00002221 

Antimony  (cryst.) .  .. 

.00000627 

.00001129 

Brass,  cast 

.00000957 

.00001722 

"      English  plate. 

.00001052 

.00001894 

'*      sheet 

.00001040 

.00001872 

Brick,  best  stock.  . . . 

.00000310 

.00000550 

Bronxe  (Baily's).  .  .  . 

^ 

Copper,  17 

Tin.  2^ 

.00000986 

.00001774 

Zinc,  1 

.00001755 

«  4 

.00000975 

Cement,  Roman,  dry. 

.00000797 

.00001435 

Cement,  Portland 

(mixed),  pure. .... 

.00000594 

.00001070 

Cement,       Portland, 

mortar,  with  sand.. 

.00000656 

.00001180 

Concrete:         cement 

mortar  and  pebbles 

.00000795 

.00001430 

Copper 

.00000887 

.00001596 

Ebonite. 

.00004278 
.00000451 

.00007700 
.00000812 

Glass,  En^ish  flint. . 

••     French  flint. . . 

.00000484 

.00000872 

*•     white,    free 

from  lead. . . 

.00000492 

.00000886 

••     blown 

.00000498 

.00000896 

•*     thermometer.. 

.00000499 

.00000897 

••      hlirH 

.00000397 
.00000438 

.00000714 
.00000789 

Granite,  gray.  dry. . . 

'•       red      ••... 

.00000498 

.00000897 

Gold,  pure. 

.00000786 

.00001415 

Iridium,  pure 

.00000356 

.00000641 

Iron,  wrought 

.00000648 

.00001166 

•*    Swedwh 

.00000636 

.00001145 

•*    cast 

.00000556 
.00000626 
.00001571 
.00000663 

.00001001 
.00001126 
.00002828 
.00001193 

••    soft 

I>ead 

Marble,  moist 

dry 

.00000363 

.00000654 

••        white  Sicil- 

ian, dry. .  . 

.00000786 

.00001415 

Marble,  black  Galway 

.00000308 

.00000554 

••       Carrara 

.00000471 

.00000848 

Masonry,  of  brick  in 

cement     mortar: 

headers 

.00000494 

.00000890 

Liquid. 


Alcohol.  .  . 
Nitric  acid. 
Olive  oil.  .  . 


Turpentine j  1 .  0700 

Sea  water 

Water 

Mercury 


Volume 

Ex  pan 

at  212". 

sion. 

1.1100 

h 

1.1100 

i 

i.asoo 

^1 

1.0700 

^\ 

1.0500 

Vn 

1.0400 

Vs 

1.018 

sV 

Substance. 


Forl^Fahr. 


Masonry,  of  brick  in 
cement  mortar: 
stretchers 

Mercur^r  (cubic  ex- 
pansion)  

Nickel 

Osmium 

Palladium,  pure 

Pewter 

Plaster,  white. 

Platinum 

Platinum,  90  per  cent. 
Iridium,      10     per 

cent 

hammered  and  an- 
nealed  

Platinum,      85      per 

cent 

Iridium,      15     per 
cent 

Porcelain 

Quarts,  parallel  to 
major  axis,  t  QP  to 
40°  C 

Quarts,  perpendicu- 
lar to  major  axis,  t 
0»  to  40°  Cf. 

Quarts,  cubic  expan- 
sion at  16°  C 

Silver,  pure 

Slate 

Steel,  cast 

*'     tempered 

Stone  (sandstone), 
dry 

Stone  (sandstone), 
Rauville 

Stone  (sandstone), 
Caen 

Tin 

Wedgwood  ware 

Wood,  pine 

Zinc 

Zinc,  8 

Tin,  1 


I^ength  —  1. 


.00000256 

.00009984 
.00000695 
.00000317 
.00000556 
.00001129 
.00000922 
.00000479 


.00000476 

.00000453 
.00000200 

.00000434 

.00000788 

.00001924 
.00001079 
.C0O0O577 
.00000636 
.00000689 

.00000652 

.00000417 

.00000494 
.00001163 
.00000489 
.00000276 
.00001407 


.00001496 


For  1°  Cent. 


Length"  1. 


.00000460 

.00017971 
.00001251 
.00000570 
.00001000 
.00002033 
.00001660 
.00000863 


.00000857 

.00000815 
.00000360 

.00000781 

.00001419 

.00003463 
.00001943 
.00001038 
.00001144 
.00001240 

.00001174 

.00000750 

.00000890 
.00002094 
.00000881 
.00000496 
.00002532 

.00002692 


EXPANSION   OF   LIQUIDS. 

The  cubical  expansion,  or  expansion  of  vol- 
ume, of  water,  from  32®  F.  to  212°  F.  and  up- 
wards, LB  given  in  the  following  Table.  The 
rate  of  expansion  increases  with  the  tempera- 
ture. The  expansion  for  the  range  of  tem- 
perature from  32®  to  212®  is  .0466.  or  fully  4i 
per  cent,  of  the  volume  at  32° ;  or  an  average 
of  .000259  per  degree,  or  i^  part  of  the  vol- 
ume at  32°  F. 

Expansion  of  Liquids  from  32°  to  212°  F. 
Volume  at  32°  =  1. 


— Clark's  Mechanical  Engineer's  Pocket  Book. 

Friction. — The  ratio  obtained  by  dividing 
the  entire  force  of  friction  by  the  normal  pres- 
sure is  called  the  coefiicient  of  friction.  The 
unit  or  coefficient  of  friction  is  the  friction 
due  to  a  normal  pressure  of  one  pound: 

Iron  on  oak 0. 62 

Cast  iron  on  oak 0. 49 

Oak  on  oak,  fibres  parallel 0 .  48 

^ Oak  on  oak,  greascxi 0. 10 

Cast  iron  on  cast  iron 0.15 

Wrought  iron  on  wrought  iron.  .  .  0. 14 

Brass  on  iron 0. 16 

Brass  on  brass 0 .  20 

Wrought  iron  on  cast  iron 0. 19 

Cast  iron  on  elm 0. 19 

Soft  limestone  on  the  same 0.64 

Hard  limestone  on  the  same.  ...   0.38 

I>eather  belts  on  wooden  f>ulleys.   0.47 

I-«ather  belts  on  cast-iron  pulleys  0.28 

Cast  iron  on  caf<t  iron,  greased.  ..   0. 10 

Pivots  or  axe.s  of  wrought  or  cast  iron,  on 

brass  or  cast-iron   pillows: 

First,  when  constantly  supplieti  with  oil.   0.05 

Second.when  greased  from  time  to  time.   0.08 

Third,  wilhouV  bltv's  Vk^v^v^XXwi^ ^  .>5k 
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STRENGTH  OF  MATERIALS. 
METALS. 


Name  of  Metal. 


Aluminum  wire 

Brass  wire,  hard  drawn 

Bronze,pho««phor,hard  drawn 

••      silicon 
Copper  wire,  hard  drawn.    . . 

CJold  *  wire 

Iron,  t  cast 


wire,  hard  drawn. 
*  *      annealed. . . 


I.«ad,  cast  or  drawn. 
Palladium  * 


Tensile 
Strength  in 
PoimduB  per 

Sq.  In. 


Platinum  •  wire 

Silver  *  wire 

Steel,  mild,  hard  drawn. 

•*     hard      *•        "     , 

Tin,  cast  or  drawn 

Zinc,  cast 

**    drawn 


30,000-40,000 

50.000-150,000 

110.000-140,000 

95.000-115,000 

60.000-70.000 

38,000-41,000 

13,000-29.000 

80.000-120,000 

50.000-60.000 

2.600-3.300 

39.000 

50.000 

42.000 

100.000-200,000 

150.000-330,COO 

4.000-5,000 

7,000-13,000 

22.000-30.000 


STONKS  AND  BRICKS. 


Name  (»f  Subntanco. 


Resistance  to 

Oufhinjc  in 

Pounds  per 

Sq.  In. 


Bftsalt lK.000-27.000 


Brick,  foft. 

• '      hard. . .  . 

••      vitrified. 

Clranite 

Limestone. 

Marble 

Saiidxtone.  .  .  . 
Slate 


300-1.500 
1,500-5.000 
9,00O-2ti.0C0 

17.000-26.000 
4.000-9.000 
9.000-22,000 
4.500-8.000 

11.000-30,000 


TIMBKR. 


Name  of  Wood 


Tensile 

Strength 

in  Pounds  \>er 

S<i.  In. 


Roistance  to 

Crashing  in 

pounds  |>er 

S<|.  In. 


A-h 

Beech 

Binh 

Chestnut.  .  .  . 

Klin 

Hark  berry.  . 
Hickory. . 

Matde 

Mulberry.  . . 
( )ak.  burr.  . 

"     red. .  . 

*'     water.  . 

'*     white. 

pDpl-ir 

Wainut.  .     . 


11.000- 
11.000- 
12.(MMJ 
lO.OOO 
12. (MM) 
IO.O(M) 
1.'>.0(M) 
s.(MM>- 
.s.(MM)- 
i:),00() 
i:i,(MK)- 

L>0.()00 
10.(MM>- 
S.OOO- 


21.000 
l.S.OOO 
bs.OOO 
13,000 
l.S.OOO 
Hi.(M)0 
2:).0(K> 
12.000 

n.o(K) 

20.(MM) 
l.S,(MK) 
bi.OOO 
2:).(KM) 
l.'..(M)0 
14.000 


<),(Kyo-<),ooo 

9,(M)0  10,000 
.1.000-7.000 
4.(M)0-r..OOO 
ti.OOO- 10.000 


7.000   12,000 
ti.OOO  s.ooo 

7.(H10- 10,000 

:).(KKV-7.0(.0 

4. (MX)  (I.IM'O 

«i.OO(M),000 

.'i.(HK)-S.(K)0 

4.(KX>-.S.0('0 


♦  On  the  authority  of  Werthoini. 

t  The  cru'^hiiiK  -treiiirth  of  ca.^'t  iron  is  from 
5.5  to  •i.5  times  tht'  teu'^ile  streiiRth. 

NoTF.ft.  -.\rcor«lii>K  to  Boys,  quartz  fibors 
have  a  tensile  strength  «>f  l>etween  llii.OOO  and 
167,000  pounds  per  -«piare  inch. 

Leather  belting  of  viriglo  tliickness  bears 
from  400  to  1,<K)0  pounds  per  inch  of  its 
breadth.  — i>mi0i9onian  TabUi, 


WATER. 

1  U.  S.  gallon  equals  281  cubic  inches:  .1337 
cubic  foot;  8.333  pounda  of  water  at  62"  F.; 
3.786  liters. 

1  cubic  inch  of  water  at  62**  F.  equals  .0)6W 
pound;  .5773  ounce:  252.6  grains;  .004326 
U.  S.  gallon;    .01638  liter. 

1  cubic  foot  of  water  at  62^  F.  equals 
62.355  pounds;  097.68  ounces  (about  lOOO); 
.557  cwt.  (of  112  pounds):  .0278  long  ton; 
7.4805  U.  S.  gallons;  28.315  liters;  .02833 
cubic  meter. 

1  cylindrical  inch  of  water  at  62^  F.  eqxiali) 
.02833  pound;    .4533  ounce;    .7854  cuUc  mch. 

1  cylindrical  foot  of  water  at  62"  F.  eqittl« 
48.973  pounds  (about  50);  783^57  ounce*; 
.437  cwt.  (of  112  pounds):  .0219  long  too; 
5.8758  U.  S.  gallons;  22.2380  liten;  .02224 
cubic  meter. 

1  cubic  3rard  of  water  equals  1,684.8  poondii; 
15.043  cwt.  (of  112  pounds),  or  15  cwt.  4.S 
poundfl;   .7645  cubic  meter. 

1  liter  of  water  equals  2.2046  poundu  at 
62*"  F.;  .2641  U.  S.  gallon;  61.025  cubic  inchr^: 
.0353  cubic  foot. 

1  cubic  meter  of  water  equals  1  metric  t<w, 
or  1,000  kilograms  at  39.1**  F.  or  4**  C. ;  2,204.63 
pounds  at  39.1**  F.  or  4**  C;  2,203.7  pounds  at 
62.4  pounds  |)er  cubic  foot;  1  ton  of  2,240 
potmds,  nearly;  1  tim  of  4  hogsheads,  or  2,100 
pounds,  nearly;  264.2  U.  S.  gallomi;  1.308 
cubic  yards-   35.3150  cubic  feet;  1.000  liters. 

The  weight  of  fresh  water  is  commonly 
assumed,  m  ordinary  calculations,  to  m* 
62.4  pounds  per  cubic  foot,  which  is  the 
weight  at  52.3°  F.  It  is  frequentlv  taken 
as  52(  pounds  or  1,000  ounces  per  cubic  foot. 

The  volumes  of  given  weights  of  water, 
at  the  rate  of  02.4  pounds  per  cubic  foot, 
are  as  follows: 

1  ton  (long).  35.90  cubic  feet  (about  36); 
1  cwt.  (of  112  pounds).  1.795  cubic  feet;  1 
pound,  .016  cubic  feet  or  27.602  cubic  inches; 
1  ounce.  1.731  cubic  inches;  1  metric  ton.  at 
39.1°  F.  or  4°  C,  35.3156  cubic  feet:  1  kU«- 
gram.  at  39.1°  F.  or  4°  C,  .0353  cubic  feet  or 
61.025  cubic  inches-  1  metric  ton,  at  52.3°  F. 
(62.4  pounds  per  cubic  foot).  35.330  cubic  feet. 

A  pi[>e  1  yard  in  length  holds  about  as 
many  |)ounds  of  water  at  ordinar>'  tempera- 
tures an  the  square  of  its  diameter  in  inches 
(about  two  per  cent.  more). 

A  column  of  water  at  62°  F.,  1  foot  high, 
is  equivalent  to  a  pressure  of  .433  pound  or 
6.928  ounces  per  square  inch  of  base;  or  to 
62.355  pounds  i>er  square  foot. 

A  column  of  water  1  inch  high  Is  equivalent 
t«i  a  pressure  of  .5773  ounce  or  .03608  poiunl 
per  sjpiare  inch;  or  to  5.196  pounds  per 
s(iuare  foot. 

A  column  of  water  100  feet  high  is  equiva- 
lent to  43^  |>ounds  per  square  inch;  or  2.7mi 
tons  i>cr  .square  foot. 

A  column  of  water  1  mile  deep,  weighing 
62.4  pounds  iH»r  cubic  foot,  is  equivalent  to 
a  ()res>ure  of  about  1  ton  per  square  inch. 

I  pound  i>er  square  inch  Ls  equivalent  to  a 
column  of  water  at  62°  F.  2.31  feet  or  27.72 
inches  high. 

SEA  WATER. 

1  cubic  f(»ot  at  62°  F..  64  pounds;  1  cubic 
yard.  l.>^  cwt..  nearly  (8  pounds  less);  1  cubic 
meter,  1  l«>ng  t<»n.  fully  (20  pounds  more); 
1   ton,  .V)  cubic  feet. 

Uatio  iif  weiglit  of  fresh  water  to  that  of 
aea.  vf«.iet,  SU  to  40^  or  1  to  1.028. 
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ICE  AND  SNOW. 

1  cubic  foot  of  ice  at  32**  F.,  57.50  pounds: 
1  pound  of  ice  at  32^  F.,  0174  cubic  foot,  or 
30.067  cubic  inches;  specific  density  of  ice, 
.922;  that  of  water  at  62°  F.  being  1. 

AIR. 

1  cubic  foot,  at  14.7  lbs.  per  square  inch, 
or  1  atmosphere,  equals  .080728  lb.  at  32**  F. ; 
1.29  ounce  at  32**  F.;  565.1  grains  at  32°  F.; 
.076097  lb.  at  62°  F.;  1.217  ounce  at  62°  F.; 
532.7  grains  at  62°  F. 

I  liter,  under  1  atmosphere,  equals  1.293 
grams  at  32°  F. :    19.955  grains  at  32°  F. 

II  b.  of  air  at  62°  F.  equals  13.141  cubic  feet. 
The  weights  of  equal  volumes  of  mercury, 

water,  and  air,  at  62°  F.  imder  1  atmosphere, 
are  as  11,140.56.  819.4,  and  1. 

1  atmosphere  of  pressure  equals  14.7  lbs. 
iier  square  inch;  2,116.4  lbs.  per  square 
loot;  1.0335  kilograms  per  square  centi- 
meter; 29.922  inches  of  mercury  at  32°  F. ; 
76  centimeters  of  mercuiy  at  32°  F. ;  30  inches 
of  mercury  at  62°  F. ;  33.947  feet  of  water  at 
62°  F. ;    10.347  meters  of  water  at  62°  F. 

1  lb.  per  square  inch  equals  2.035  inches  of 
mercury  at  32°  F. ;  51.7  millimeters  of  mercury 
at  32°  F.;  2.04  inches  of  mercury  at  62°  F.: 
2.31  feet  of  water  at  62°  F.;  27.72  inches  of 
water  at  62°  F. 

1  ounce  per  square  inch  equals  1.732  inches 
of  water  at  62°  F. 

1  lb.  per  square  foot  equals  .1925  inch  of 
water  at  62°  F.;  .01417  inch  of  mercury  at 
62'  F. 

STRENGTH  OF  ICE. 

Ice  2  in.  thick  will  bear  infantry. 

Ice  4  in.  thick  will  bear  cavalry  or  light 
guns. 

Ice  6  in.  thick  will  bear  heavy  field  gunn. 

Ice  8  in.  thick  will  bear  24-pounder  guns  on 
sledges;  weight  not  over  1,000  lbs.  to  a  square 
foot. 

WEIGHT  OF  BALLS. 


W 


D^+OO 


When/) 
W 


/)=.^/vrxc-do. 

diameter  of  ball  in  inches; 
weight  of  ball  in  lbs. ; 
C=»    aconstant >- 733  for  cant  iron; 

=  464  for  lead ; 

-'  595  for  copper ; 

=  635  for  brass. 


or. 


D  ^'^/WxcT. 

When  C—a  constant  -» 0.1 364  for  cast  iron ; 

=  0.2155  for  lead; 
=  0.168  for  copper; 
=■0.1574  for  brass. 

Weight  of  cast-iron  balls. 

W''=(y)\o.I. 

To  find  nominal  horse-potter  of  boiler  retfuired 
for  direct-acting  atcam-pumps. 

7>*  —  t  he  1  ast  figure 
2  • 

When   iV//P  =  nominal  horse-power; 

Z>  =  diameter  of  steam  cylinder 
in  inches. 


NHP^ 


PIPES. 

Untal  inclination  of  pipea. 

in.  in       12  ft.  —minimum    fall    for    house 

drains ; 
16'*  -minimum      fall     for     land 
drains; 
••  *•       40  **  —minimum  fall  for  sub-drains 

for  houses  * 
••  ••      100**  -minimum     fall     for     main 
drains  for  houses; 

*  *  "     150  •  *  -  fall  of  moimtain  torrents ; 
•  ••     230  ••  -   ••  ••  rivers  and  rapid  cur- 
rents ; 

••  ••     280  *•  -fall  of  strong  currente; 
••  ••     340"  -   '•  ••  ordinary   rivers   with 
good  current; 

*  *  *  *  440  *  *  —  fall  of  windin|[  rivers  subject 
to  inundations  with  slow 
current ; 

"  "  480  *'  -fall  of  water  channels,  sup- 
ply pipes  to  reservoirs  and 
small  canals; 

• '  •  •     570  "  -  fall  of  large  canals ; 

"  •*  1,000  **  -very  slow  current,  approach- 
ing to  stagnant  water. 

Discharge  through  pipes. 

Discharge  in  24  hours  divided  by  1,440  — 
discharge  per  min. ;  discharge  in  cubic  feet 
per  minute  X  9,000  —  imperial  ^lons  per  day 
of  24  hours;  discharge  in  cubic  feet  per  min- 
ute X 1 1 ,000  —  U.S.  gallons  per  day  of  24  hours ; 
discharge  in  cubic  feet  per  second  X  2.2  — cubic 
yards  per  minute;  discnaree  in  cubic  feet  per 
secondX 6. 24— imperial  gallons  per  second; 
discharge  in  cubic  feet  per  second  X  7.48  — 
U.  S.  gallons  per  second:  discharge  in  cubic 
feet  per  second  X  1 33  ■==  cubic  yards  per  hour; 
discharge  in  cubic  feet  i)er  second  X  375  =  im- 

fterial  ^lons  per  minute;  discharge  in  cubic 
eet  per  second  X  450  —  U.  S.  gallons  per  min- 
ute; discharge  in  cubic  feet  per  second  X  2,400 
=  long  tons  per  day  of  24  hours  •  discharge  in 
cubic  feet  per  second  X  2,700  =  short  tons  per 
day  of  24  hours;  velocity  in  feet  per  second X 
0.68=  mile  per  hour;  velocity  in  feet  per  sec- 
ond X  60=  feet  per  minute;  velocity  in  feet 
Eer  second  X  20  =  yards  per  minute ;  pressure 
ead  of  water  in  feet  =  pressure  of  water  in  \h». 
per  square  foot  X  0.01 6;  pressure  of  water  in 
lbs.  per  square  foot  =  head  in  feet  X  62.32. 

ANIMAL  POWER— HORSE. 
A  horse  walking  in  a  circle  at  a  speed  of  176 
feet  per  minute  will  raise  with  a  common 
deep-well  pump — 
4  h.  per  day  1,653  gals,  per  min. ;  1  ft.  high. 

e  ••       tt        ««      ,   jun     •<  ••         ••         <«t«         Ti 

6  *•     "      *•     r,350    •*        *•       ••       ••  "       " 

8  '•     "      '*     1,100    ••        "       ••       * 

10  •*     **      *•     1,040    ••        •*       "       ••  •• 

Tractive  force  of  a  horse  when  working  8 
hours  a  ilay  on  a  well-made  road  and  walkmg 
at  a  rate  of  2^  miles  i>er  hour,  150  lbs. 

Tractive  force  of  a  horse  when  working  a 
lift  or  horse-run  with  intervals  of  rest  between 
each  movement,  the  clay's  work  not  to  excee<l 
6  hours,  300  lbs. 

Tractive  force  of  a  horse  when  working  in 
a  circle  of  30  feet  diameter  in  working  a  mill 
for  8  hours  j^er  day  at  a  pace  of  2  miles  per 
hour,  100  lbs. 

A  horse  can  exert  a  force  horizontally  at 
a  dead  pull,  400  lbs. 

A  horse  can  carry  on  his  back  a  distance 
of  20  miles  per  day  on  a  well-ma<ie  road, 
without  overexertion,  from  250  to  300  lbs. 


4IK# 


SCIENTIFIC    AMERICAN   REFERENCE    BOOK. 


The  horse  power  adopted  as  a  unit  in  esti- 
mating the  toroe  of  a  steam-engine  — 33,000 
lbs.  raised  1  foot  hi^  in  1  minute,  an  amount 
of  force  which  few  horses  could  perform  for 
any  length  of  time. 

MANUAL  POWER. 
Duration  of  work  — 1  day  of  8  to  10  hours. 


Description  of  Work 


Mean 
Effect 

in 
Lbs. 

Veloc- 
ity in 
Feet 
|)er 
Mmute. 

40 

25 

30 

35 

40 

30 

30 

60 

12 

160 

25 

100 

15 
40 

200 
80 

Lbs. 
Raised 
1  Foot 

High 

per 
Minute. 


1,000 

1,050 

1,200 

1.800 

1,920 

2,500 

3,000 
8.200 


Lifting  weights  by 

hand  breast  high  . 
Raising  water  from  a 

well  by  a  bucket 

and  rope 

Lifting  a  weight  by 

a  rope  and  over- 
head tackle 

Working     a     hand 

pump 

Drawing     a     canal 

boat 

Working     a     ship's 

cai)stan 

Turning  the  crank  of 

a  winch 

Rowing  a  boat 

The  efforts  in  the  above  table,  although  ex- 
tending over  8  or  10  hours,  exclusive  of  meal- 
times, per  day.  are  not  altogether  continuous, 
hut  include  the  usual  intervals  of  rest  or 
dimininhcd  exertion  peculiar  to  each  class 
of  work. 

WINDMILLS. 
To  find  the  horse-jioivtr  of  a  tHnd-engine. 

A  y  V2 
JIP-^-    -    - 
1,100.000' 

When    //P  — effective  horse-power; 

A  -=  area  of  tvails  in  square  feet ; 
V  — velocity  of   the  wind  in  feet 
j>er  second. 
To  find  the  area  of  soiU  required  for  a  givtn 
horne-fxtwer. 
Z//'-  1.100.000 

The  best  effect  is  obtaine*!  when  the  total 
surface  of  the  sails  uresented  to  the  wind  (](m»s 
not  cover  more  than  a  quarter  of  the  "Surface 
of  the  whole  disk  <le.scribe(l  by  the  radial  amifi 
or  whi|>i<. 

To  find  the  force  of  wind. 
r-0.0022$S  r2; 
/'     n. 00422  r,2; 
/'  =  0.0023  V'   V    sin  X. 
When  /*  -  prc-suro  in  lbs.  per  square  foot ; 
r  -velocity  in  feet  per  second; 
I"!  ^- velf>city  in  miles  per  hour; 
X  -anjtle  of  inci<lence  of  direction  of 
the  wind  with  the  plane  of  the 
surface  when  it  i>  oblique. 
To  find  the  angle  of  the  sailn. 

a  --  23°  -  -—  , 

When  n  -  angle  of  the  .<«ail  with  the  plane  of 

motion  at  any  part  of  the  sail; 

D     <listance  of  any  i»art   of  the  sail 

fronj  the  axis  in  fcwt ; 
R  ■-'  total  radius  of  sail  in  feet. 


To  find  angU  of  shaft  wiih  koriaon. 
a  —  8  degrees  on  level  ground; 
— 15  degrees  on  high  ground. 
To  find  breadth  of  whip. 

B   -Xo^; 
D  "HoW: 

^«  -J^K» 

Wh«i  W  —length  of  whip  in  feet; 

Wx  —width  of  sail  m  feet : 

B   —breadth  of  whip  at  axis  in  feet; 

D  —depth  of  whip  at  axis  in  feet; 

B\  —breadth  of  whip  at  tip  in  feet; 

D\  —depth  of  whip  at  tip  in  feet ; 
Divided  by  the  whip  in  the  proportion  v\ 
5  to  3,  the  narrow  portion  being  nearef^t  to 
the  wind.  Wxx-'IW; 

When  TTii  —width  of  sail  at  axis; 

Du  —  distance  of  muI  from  axis. 
Cross-bars  irom  16  to  18  inches  apart. 
Velocity  of  tip  of  sails  — 2.6  V,  nearly. 
In  examining  the  ratio  between  the  velocity 
of  the  vrind  and  the  number  of  revoltdioiu  of 
the  wheel-shaft  Mr.   Smeaton  obtained  th« 
result  in  table  below,  for  Dutch  sails,  in  their 
common   position,   when   the   radius  of  the 
wheel  was  30  feet:  j^tjo  between 

Number  of  Rev-  Velocity  of 

olutions  of         Velocity  of  the  Win<l 

Wheel-shaft         Wind  m  an<i  Revt^u- 

per  Minute.  an  Hour,      tions  of  Wheel- 

shaft. 
3  2  miles  OGTiti 

5  4     ••  0.800 

6  5     "  0.833 

The  meet  efficient  angUe. 
Part  of  Radius 

which  is  Angle  with        Angle  of 

Divided  in  Six         the  Axis.  Weather. 

Parts. 

1  72®  18® 

2  71®  19® 

3  72®  18®  middle 

4  74®       »  16® 

5  77*®  12*® 

6  83*  7^ 
Bupna<«ing  the  radius  of  the  sail  to  be  30 

feet,  then  the  sail  will  commence  at  ith,  or 
5  feet  from  the  axis,  where  the  angle  of  incli- 
nation will  be  72®,  at  iths  or  10  feet  fn>ni  the 
axis  will  be  71®,  and  so  on. 

In  order  to  utilise  the  maximum  effect  of 
wind,  therefore,  it  is  necessary  to  load  the 
wind-engine  so  that  the  number  of  revolution* 
of  the  wheel  is  proportional  to  the  velocity 
of  the  wind. 

To   find   ifrojxT  number  of  revolutions  of  a 

wind-milL 
^      3.16XV 

if  ^-n)^ 


A^ 


LXsinC/' 
11.5  1' 


When  A' «  number  of  revolutions  of  wheel  per 
minute ; 
V^- velocity  of  the  wind  in  feet   per 
second ; 

/.  =  \/^-^''"^»*-radius    of   center   of 
2  percuaf ion  in  feet ; 

R  -extreme  radius  of  wheel  in  feet; 
/if  1  -inner  radias  of  wheel  in  feet; 
( '  -^mean  angle  of  sails  to  the  plane  of 
uv»lvon. 
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FORCE  OF  WIND  WHEN  BLOWING  PERPENDICULARLY  tJPON  A  SURFACE 

OF  ONE  SQUARE  FOOT. 


Velocity  of  Wind. 

Perpendicular 

Force  on  One 

Square  Foot 

in  Lbs. 

Miles  per 
Hour. 

Feet  per 
Minute. 

Feet  per 
Second. 

1.47 

2.93 

4.40 

5.87 

7.33 

14.67 

22.00 

29.30 

36.60 

44.00 

51.30 

58.60 

66.00 

73.30 

88.00 

102.7 

117.3 

146.6 

Description. 

1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

100 

88 

176 

264 

352 

440 

880 

1.320 

1.760 

2.200 

2,640 

3,080 

3.520 

3.960 

4.400 

5.280 

6.160 

7.040 

8,800 

.005 

.020 

.044 

.079 

.123 

.492 

1.107 

1.968 

3.075 

4.428 

6.027 

7.872 

9.963 

12.300 

17.712 

24.108 

31.488 

49.200 

Hardly  perceptible 
Just  perceptible 

Gentle  breeze 

Pleasant 

Brisk  gale 

High  wind 

Very  high  wind 

Storm 
Great  storm 

Hurricane 
•  • 

— Whittaker's  Mechanical  Engineer's  Pocket  Book. 


METALS:    WEIGHTS    FOR   VARIOUS    DIMENSIONS. 


Metal. 

Specific 
Weight. 

Wrought 

Iron  —  1. 

.348 

.333 

.879 

1.285 

1.052 

1.098 

1.079 

1.062 

1.110 

1.106 

1.133 

1.004 

.969 

1.114 

1.158 

1.154 

2.500 

.937 

1.000 

1.483 

1.040 

1.769 

1.127 

1.075 

2.796 

1.365 

1.020 

.962 

.935 

.892 

Weight 

of  One 

Cubic 

Foot. 

Weight  of  One 
Square  Foot. 

Weight 
of  One 
Linear 
Foot  1 
In.  Sq. 

Lbs. 

1.160 

1  111 

2.902 

4.283 

3.507 

3.652 

3.597 

3.549 

3.701 

3.688 

3.780 

3.347 

3.299 

3.813 

3.861 

3.778 

8.333 

3.125 

3.333 

4.944 

3.465 

5.896 

3.757 

3.583 

9.320 

4.549 

3.403 

3.208 

3.118 

2.972 

Weight 
of  One 

1  Inch 
Thick. 

♦  Inch 
Thick. 

Lbs. 
1.74 
1.67 
4.35 
6.42 
5.26 
5.49 
5.40 
5.32 
5.55 
5.54 
5.66 
5.04 
4.84 
5.72 
5.79 
5.77 

12.50 
4.69 
5.00 
7.41 
5.20 
8.84 
5.64 
5.37 

13.97 
G.82 
5.12 
4.81 
4.07 
4.40 

^Inch 
Thick. 

Cubic 
Inch. 

Aluminum,  wrought 

cast 

Antimnnv.  ... 

Lbs. 
167 
160 
418 
617 
505 
527 
518 
511 
533 
531 
544 
482 
465 
549 
556 
554 

1200 
450 
480 
712 
499 
849 
541 
516 

1342 
655 
490 
402 
449 
428 

Lbs. 

13.92 

13.33 

34.83 

51.42 

42.08 

43.92 

43.17 

42.58 

44.42 

44.25 

45.33 

40.17 

38.75 

45.75 

46.33 

46.17 

100.00 
37.50 
40.00 
59.33 
41.58 
70.75 
45.08 
43.00 

111.83 
54.58 
40.83 
38.50 
37.42 
35.67 

Lbs. 
1.39 
1.33 
3.48 
5.14 
4.21 
4.39 
4.32 
4.26 
4.44 
4.43 
4.53 
4.02 
3.88 
4.58 
4.63 
4.62 

10.00 
3.75 
4.00 
5.93 
4.16 
7.07 
4.51 
4.30 

11.18 
5.46 
4.10 
3.85 
3.74 
3.57 

Lbs. 
.097 
.092 
.242 

Bismuth 

.357 

Brasd,  cast 

.292 

sheet 

.304 

••      yellow 

.298 

"      Munts  metal 

wire 

.296 
.308 

Bronie,  gun-metal 

mill  bearings.  .  .  . 
*'       small  beUs 

speculum  metal.  . 
Copper,  sheet 

.307 
.315 
.279 
.209 
.318 

*         hammered 

wire.  .  •  • 

.322 
.315 

Gold 

.694 

Iron,  cast 

.260 

wrought 

.278 

Lead,  sheet 

.412 

Manganese 

.289 

Mercury 

.491 

Nickel,  hammered 

cast 

.313 
.299 

Platinum 

.777 

Silver 

Steel 

.379 
.284 

Tin 

Zinc,  sheet 

••     cast 

.268 
.260 
.248 

— Clark's  Mech«j)ic«A.  ¥Av^^«c'^^<aRjMX.^**J*.* 
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PROPORTIONATE    WEIGHT  OF    CASTING  TO    WEIGHT     OF   WOOD    PATTERS. 


A  Paitem  Weigbioa  One  Pound. 
,l«.,«^t'^??L  print-) 

K. 

B... 

Copper. 

Brouie. 

B«ll 

Ztof. 

lis 

1    e 

:84 

0'9» 

Lb*. 

¥i 
If 

Lb,. 

u». 

is"  i:  ii  ^iii 

1 

1 

0 

■ii 

itnuw 

o.si 

PULLING   STRENGTH    OF  1 
Compiled  from  a  test  maile  by  B 

EN  AND  ANIMALR 
amum  A  BaUeys  Cimis. 

.    Number. 

Descrlplion. 

Weight  of 
Each  in 
Lb.. 

Total  Pull  in 
Lbs. 

Pull  per 
Unit. 

'S 

l.WO 

s.;so 

S.7S0 
12.000 

1^7S 

1:1 

8.  50 

1:38 

f 

Camel? 

Elephant   .    .  . 

copjTiKht,  itni  b: 

ELEPHANT,  1 
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Tbe  following  table  i 


Extemsl 

Draucht  Aru  in 
Sqime  Inch™. 

Dnueht  Aru 

in  Square  Feet. 

nutnae  Heslina 

Number  of 
Tubes  in  One 
Square  Fool  of 
Draught  Area. 



■■".S7S 

ii 

r.:| 
II 

.3272 

',1 

i-i 

D09M 

si 

i 

o:s9 

0996 

i 

2J 

as. I 

3 

!j::  ::::::::::; 

11  o 

10 

SO 

iMhe  win  cut  when  Iwo  given 
place,  you  can  eaoily  coiiHtnuit  i 
will  snow  you  just  what  threbl  an 
willcauMthelatheKiFut.  Suppi 
■Uty-threes  cause  ^2  thn-aiifi  t 
Tin  placa  IS  in  tha  it>ace  A  in 


I 


Also.  S6  ^  63   : 


to  ■■M.ptuui 

1    in.   una, 

U7|>< 

-?^w' 

i|  iH:  1^; 

SS 

S£:'- 

SJin.   one 
4    in.   i.ng. 

ss 

The  rdati 

is  a»  'lOO  M_ 


li  by  niultiplyinn  logelher 
nuada  per  square  inch,  the 


33,«ia 


'     S.OOO    foe   ' 


last     product   by 
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the  mbeeact  of  loSBJithmu'-  formulip  or  cx- 
nuiriaTi  taUe.  mulliply  Ihe  boiler  rirwuuro 
fcr  1  cut-off  by  0.91;  for  t  ciil-..(f  by  0.S5, 
leut-oR  by  O.'S.  A  rul-nfr  by  a68.      'Hii) 

inch  neiir  enough  for  ontrury  praplit*.  Iiir 


1.  I.i«  the  .irok.  n.ullipli«i  by  th. 

Dumb. 

Uwr. 

Ineb. 

If^* 

:&S?fcj;p,H, 

:*4 

n  12 

:Sw.  "     "^.:: 

:l! 

..'S'sr-i 

ID  la 

f»nn< 

lure  oC  nwtBl  when  poureil 

inricmi' 

El 


wUl  H>[<ly  ti>  both,  ^K^ 


raiioiu  we  irll 

""to  ^tW  FUcI-  D 
her  of  teelh  by  Ih( 

To  Find  N«mb- 


TaFindOuttvU. 
Add  2  10  th*  nunil 
thejiituh:  m+i=- 

Ta  Find  Cir^l^ 
mti  3.HI8  bi   . 

To  Find  the  Diilanr 
Tm  Spar  Ofart.-Ui\- 
teetli  of  both  fcnn  by 


«tti  and  Hi 


liilch.  «+iM-iai 


aivMi,  to  finil  il"  numlirr  irf  rpifduiinnii  — 
fhitr.— Multiikly  Tbp  di>ri>Ft»r  uf  tbc  .lri\-er 

pmlurt™  the  dianielBr..("thp'drivTO;  Ihp 
qii'Xient  will  be  the  niunlxr  of  reriilutiuiu  of 
tba  ilriven. 

Ki-.— Twenty-four  In.  diamplcr  of  driver 
y  ISO,  number  of  revilulionx,  -^S-IKKI-f  12  in. 
diameler  of  driven  -  301). 

The  diuneter  niut  m-oluiionx  of  the  driver 
heina  (riven.    In   Unci   ihr   ilinmeler   uf   ibr 

revnlulloaK  in  the  mida  liiti*. 

Aub.— Mullilily  Ihe  dlwneifir  of  ihe  driver 
by  il«  number  .rf  nn'oluti<iii«.  Hml  divi<le  the 


£'r.— Oametar  of  driver  (u  before)  I(  in. 
re'olutioni  l»-3,«00.  Numbar  of  tevo- 
liods  of  driven  required -BOO.     Then  Z.M 


Auk.— Multiply  all  the  <1_      .   . 
driven  toseiber  and  all  the  diameteiv  of  ibe 
driven  together;    divide  the  driver*  by  i[ 

PAi>Ra,  W*i 


IT  mulliidy  by  the  kuiKi 
I  shaft. 


-The  following  table  from 
■  own  bow  ni»»> 

rolU  of  wall-paper  are  teauired  in  coin  ■ 
room  of  the  niineniion«  inaieai«d  by  ibe  tit- 
una  In  the  left-barHl  eoluuin.  alw  the  numlurr 
of  yardi  of  border  nr 


tonrtn-,— Divide  (be  num-    ' 

r  el  7MA.— Muiliply  the   \ 
the  riifh:    K  in.Xg-M,   | 


l^-<  

^   

X  :::::.'::: 

X      or  13X11.    , 

j  ■<  jj 1 

1  y  k\'.'.  .   '  .'.'.'.^ 

|M,ifi'j 

Si 
IS 

« 

IS 

« 

IS 

8 
S 

IS 
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UNITED   STATES   STANDARD    GAUGE. 

For  Sheet  and  Plate  Iron  and  Steel. 

Thicknem. 

Weight. 

Number  of 
Gauge. 

Approximate 
Tnicknem  in 

Approximate 
Tnicknees  in 

Weight  per 
Sguare  Foot 

Weight  per 
Square  Foot 

Number  of 
Gauge. 

Fractions  of 

Decimal  Parts 

in  Oimces 

in  Pounds 

an  Inch. 

of  an  Inch. 
.5 

Avoirdupois. 

Avoirdupois. 

0000000 

1-2 

320 

20. 

0000000 

000000 

1^32 

.46875 

300 

18.75 

000000 

00000 

7-16 

.4375 

280 

17.5 

00000 

0000 

1^32 

.40625 

260 

16.25 

0000 

000 

^8 

.375 

240 

15. 

000 

00 

11-32 

.34375 

220 

13.75 

00 

0 

5-16 

.3125 

200 

12.5 

0 

1 

9-32 

.28125 

180 

11.25 

1 

2 

17-64 

.265625 

170 

10.625 

2 

3 

1-4 

.25 

160 

10. 

3 

4 

15-64 

.234375 

150 

9.375 

4 

5 

7-32 

.21875 

140 

8.75 

5 

6 

1^64 

.203125 

130 

8.125 

6 

7 

^16 

.1875 

120 

7.5 

7 

8 

11-64 

.171875 

110 

6.875 

8 

9 

5-32 

.15625 

100 

6.25 

9 

10 

9-64 

.140625 

90 

5.625 

10 

11 

1-8 

.125 

80 

5. 

11 

12 

7-64 

. 109375 

70 

4.375 

12 

13 

^32 

.09375 

60 

3.75 

13 

14 

5-64 

.078125 

50 

3.125 

14 

15 

9-128 

.0703125 

45 

2.8125 

15 

16 

1-16 

.0625 

40 

2.5 

16 

17 

9-160 

.05625 

36 

2.25 

17 

18 

1-20 

.05 

32 

2.00 

18 

19 

7-160 

.04375 

28 

1.75 

19 

20 

3-80 

.0375 

24 

1.5 

20 

21 

11-320 

.034375 

22 

1.875 

21 

22 

1-32                   .03125 

20 

1.26 

22 

23 

9-320 

.028125 

18 

1.125 

23 

24 

1-40 

.025 

16 

1. 

24 

25 

7-320 

.021875 

14 

.875 

25 

26 

^160 

.01875 

12 

.75 

26 

27 

11-640 

.0171875 

11 

.6875 

27 

28 

1-64 

.015625 

10 

.625 

28 

29 

9-640 

.0140625 

9 

.5625 

29 

30 

1-80 

.0125 

8 

.5 

30 

31 

7-640 

.0109375 

7 

.4375 

SI 

32 

13-1280 

.01015625 

6* 

.40625 

32 

33 

3-320 

.009375 

6 

.375 

33 

34 

11-1280 

.00859375 

5* 

.34375 

34 

35 

5-640 

.0078125 

5 

.3125 

35 

36 

9-1280 

.00703125 

4i 

.28125 

36 

37 

17-2560 

.006640625 

4i 

. 265625 

37 

38 

1-160 

.00625 

4 

.25 

38 

ELECTRICAL    ENGINEERING. 


Uottb  or  Measurement. — The  three  most 
commonly  used  units  are : 

I.  The  unit  of  current,  called  the  Ampere; 
II.  The  unit  of  potential,  called  the  Volt; 
III.  The  unit  of  resistance,  called  the  Ohm. 

For  some  purposes  these  quantities  are  sub- 
divided, thus  in  teleacraphy  the  practical  unit 
of  current  is  the  miUi-ampere,  t.e.,  one-thou- 
sandth of  an  ampere.  In  some  cases  it  is  con- 
venient to  use  multiples:  insulation  resi.st- 
ances  are  often  expressed  in  terms  of  meg- 
ohms, i.e.,  a  million  ohms.  The  most  com- 
monly used  multiples  are  the  following* 
1  Megohm  —10*  ohms      =■  1  million  ohms, 

1  Microhm  —l^'ohm      —1    millionth  of 

an  ohm, 
I  Kilowatt         - 10»  wat  t  s     =  1 .000  wat  t  s . 
1  Micro-ampere  — 10-*  amijere  ==  1  millionth  of 

an  ampere. 


Ohm's  IjAW. — For  steady  currents  the 
three  quantities — current,  potential,  and  re- 
sistance—are connected  together  by  the  rela- 
tion discovered  by  Dr.  Ohm,  and  called  Ohm's 
Law.     'Thus  law  is  .Htate<i  thus 


C- 


E 
R 


where  C  —current  (amperes);  ^ 

J? — difference  of  potential  (volts) : 
/2«  resistance    opposing    the    current 
(ohms). 
All  the  units  in  scientific  work  are  defined 
in  terms  of  the  fundamental  units,  which  are 
Unit  of  length -1  centimeter. 
'     "  ma.ss    —  1  gram. 
"     *'  time     -=  1  second. 
These  arc  snokon  of  as  the  C.G.S.  units,  and 
in  the  actual  determination  of  a  standioxd 
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ohm  attemptii  have  been  made  to  obtain  the 
icientific  value  as  closely  as  possible.  ,Tbe 
first  unit  used  as  a  stanclard  was  the  British 
Association^  or  B.A.  unit  coil.  Messrs.  Sie- 
mens also  intitKluced  a  standard  ohm,  but 
both  of  these  units  differed  from  the  true  ohm 
as  well  as  from  each  other.  In  order  to 
avoid  the  consequent  confusion,  an  interna- 
tional congress  wa.s  held  at  Paris  in  1893  to 
decide  upon  the  standard  values  to  be 
adopted. 

C.G.S.   ELECTRICAL  STANDARDa 

The  Ohm  is  represented  by  the  resistance 
offered  by  a  column  of  mercunr — at  the  tem- 
perature of  melting  ice — 14.4.'>21  grams  in 
mass,  of  a  constant  cross-sectional  area,  and 
of  a  length  of  100.3  centimeters. 

The  Ampere  is  represented  by  the  unvary- 
ing electric  current  which,  when  passed 
through  a  solution  of  nitrat«  of  silver  in 
water,  deposits  silver  at  the  rate  of 
0.001 1 18  of  a  ^ram  per  second. 

The  Volt  is  the  electrical  pressure  which, 
if  steadily  applied  to  a  conductor  whose  re- 
sistance is  1  ohm^  will  produce  a  current  of 
1  ampere,  and  which  is  represented  by  0.6974, 
or  128?  of  the  electrical  pressure  between  the 
poles  of  the  voltaic  cell,  known  as  Clark's  cell, 
at  a  temperature  of  15"  C.  (59*»  F.). 

As  in  many  of  the  older  books  and  early 
papers  dealing  with  electrical  matters  the 
older  system  of  units  is  u.'<e<l,  the  following 
tnhle  will  be  useful  for  a<)certaining  the  rela- 
tive values  of  the  quantities  expressed: 


System. 


True 
Ohm. 


I^gul 
Ohm. 


B.A. 
Ohm. 


Sie- 
mens 
Ohm. 


True  ( )hTn. 
I/0)C:il  Ohm 
B.A.  Ohm. 


1.0000,  1.0025   1.013s'  1.0630 
0.9975   1.0000   1.0113    I.OfiOO 
0.98(»3  0.9S.S9    1.0000   1.04S2 
Siomons  Ohm..  I  0.940S  0.9434  0.9540   1.0000 

Unit  of  Qt'antitv. — The  quantity  of  elec- 
tricity that  ilowf*  per  pcooikI  pa.«»t  a  cross-sec- 
tion of  a  conductor  carr>'iiig  a  current  of  one 
amf>ero  is  a  (Vmloml). 

The  pnirtical  unit  is  the  quantity  that 
fl<)\vs  per  hour,  and  is  rneasure<l  in  ampere- 
hours. 

Unit  ok  ('M'AriTy:  The  Faka?). — The 
captuitv  of  two  con<luctors  insuluted  from 
c.'kIi  other  is  tlio  number  of  coulon^bs  of  elec- 
tricity requiretl  to  l)e  pixen  to  one  contluctor, 
the  other  Wine  suppo-od  at  zero  potential,  to 
pro«lu<c  a  difference  of  pro>.-*ure  of  1  volt  be- 
tween the  two.  The  unit  of  capacity  is 
callc<l  a  "fara«l,"  and  two  conductors  ar- 
ranpcti  in  a  form  knov^Ti  as  a  condenser  of  1 
fara<i  capacity  wouhl  l>e  rai-^ed  to  a  difference 
of  pre.-stire  of  1  volt  by  a  cliarKO  of  1  coulomb 
of  ele<-tricit  J'.     The  practical  utiit  used,  how- 


Flectrical  Q\iantity, 


ever,  has  a  capacity  one-miliiooth  of  a  farad— 
i.e.,  a  microfarad. 

Jouus. — When  a  power  of  one  tralf  is  beinji 
developed,  the  work  done  per  second  is  m*n»- 
timee  called  a  ** Joule."  Hence,  one  jauU 
equals  0.7375  foot-lb.,  and 

1  watt-eeoond  ■>   1  jouki. 

1  watt-minute  "dO  joules. 

1  horse-power  hour ->  1,980,000  foot^lbs. 

1  horBe-poww  hour  <- 2,685.600  joules. 

(VT.  E.  Adrian.) 

Watt.— A  "watt"  is  the  power  dex-elnped 
in  a  circuit  when  one  ampere  flows  through 
it,  and  when  the  potential  difference  at  its  ter- 
minals is  one  volt;  hence  the  number  of  watt.i 
developed  in  any  circuit  equals  the  product  of 
the  current  in  amperes  flowing  through  it  into 
the  potential  difference  at  its  terminalis  in 
volts.     Therefore 

1  watt  is  the  power  developed  when  44.25 
foot-lbs.  of  work  are  done  per  minute. 

1  watt  is  the  power  developed  when  0.7375 
foot-lb.  of  work  is  done  per  seooncL 

1  watt  equals  riith  of  a  horse-power. 

{W.  E.  Ayrtoii.) 

CAiiORXE. — The  amount  of  heat  require*!  to 
raise  1  kilogram  of  water  1"  C.  is  the  unit  of 
heat  emplo3red  on  the  Continent. 

1  calorie  =  4.200  joules  -  42  X 10^  ergs. 

1  joule  «  0.000238  calories. 

Induction:  The  Henry. — The  inductioD 
in  a  circuit  when  the  difference  of  electrical 
pressure  induced  in  the  circuit  is  1  volt, 
while  the  inducing  current  varies  at  the  rate 
of  1  ampere  per  second,  is  called  a  "Henr>'." 

THE  ELECTRO-MAGNETIC  SYSTEM  OF 
ELECTRIC  UNITS. 

Uxrr  OF  CrRRENT. — That  current  which, 
flowing  in  a  conductor  1  centimeter  Iouk.  and 
of  1  centimeter  ra<iius.  nnxiuces  at  the  center 
of  the  arc  a  man^netic  field  of  unit  strength. 

This  unit  is  ten  times  the  ampere. 

Unit  or  PotentiaLu — l^nit  difference  <»f 
potential  exists  between  the  ends  of  a  con- 
ductor, when  the  expenditure  of  1  erg  per 
second  will  cause  unit  current  to  flow. 

This  E.M.F.  is  equal  to  one  hundre«l- 
millinnth  of  a  volt. 

Note. — The  erg=  work  done  by  a  force  of  1 
dvne  through  a  distance  of  one  centimeter 
=-  0.001019  gramme — cent  =-  0.00000007380  im>\- 
lb.  (London). 

Unit  or  Resistance  is  that  resistance 
which  requires  unit  difference  of  potential  to 
cause  unit  current  to  flow. 

Thi.x  resistance  is  1,000-millionth  of  an 
ohm. 

For  ready  reference  the  units  most  fre- 
quently u.«e<l  in  practice  are  tabulate<i  belov. 
together  with  their  value  in  C.G.S.  absolute 
units. 


Ile>i'-tance 

Current 

P'.lectrical  pre»-sure. 

?^ner<ry 

('aj>a<lty 

Capai'ity 

Vower 

Power 

Work 

Work 


Name  of  I'nit. 

1    Dinien.xicms  of  Unit. 

Value  in  C.G.S.  I'nits. 

Ohm 

10»  C.G.S. 
10-1    .. 

io»     •• 

10^       ** 

io-^»  •• 
w     •• 

10«o      •• 
10»X36 

unit  ^ 

.Ampere 

Volt 

.Toulc 

•  • 

•  • 

I'nrnd   ...... 

Microfarad 

Watt 

•  ■ 

•  • 

•  • 

'          Kilowatt 

Watt-hour 

Kilo wa\l -hour..  .  . 

•  • 

•  * 
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ORCE,  PRESSURE.  WORK, 

POWER. 

iyne -^tlxAt  force  which  acting 
or  1  second  gives  it  a  velocity  oT 
>er  second  (oein^  absolute  unit 
C.G.S.  system,  independent  of 
s  of  gravity). 

gfit^at   Paris,    980   dynes;    at 
ynes ;  at  Glasgow,  982  dynes. 
ceigfit '^  iSZ.Q     grams     weight; 
1.528  dynes;  at  London.  444,987 

-1  pound  per  square  inch  —  0.0703 

qtiare  centimeter. 

per  square  centimeter  =  1^.2  lbs. 

1. 

•e  — 30   in.    of  mercury  =- nearly 
of  mercury  =»  nearly  15  lbs.  per 

•nearly     1.000,000     djmes     per 

ster. 

ig  will  serve  to  illustrate  the 

lome  of  these  units: 

e  copper  wire  0.01  in.  diamet«r 

tly  eaual  to  1  ohm. 
uaea  in  an  ordinary  incandes- 
16  candle-power  is  about  0.6 

al  pressure  of  the  terminals  of 
ly  used  for  electric  bells  (Le- 
>ut  1.4  volt. 

^bout  44i  foot-lbs.  per  minute, 
horse-power, 
.bout  li  horse-power. 

ay  to  convert  watts  into  the 
rse-power  Is  to  mark  off  three 
1  one-thinl :  Thus, 
le   equivalent    horse-power    of 

ecimal  places 27.000 

9.000 


lorse-power  required 


36 


uivalent  number  of  watts  of  48 
>-F)ower? 


Multiply  the  horse-power  by  1,000.  thus 

48X1,000  -48,000 

Subtract  one-quarter,  «•!•*  -12,000 

And  the  required  number  of  watts        ■>  36.000 


RESISTANCE. 

CoNDUCTOBs. — Nearly  all  substancee  as 
they  occur  in  nature  conduct  electricity — t.e.. 
if  the  substance  is  joined  to  a  source  of  elec- 
trical energy,  a  magnetic  field  is  created 
aroimd  it.  Roughly,  three  groups  of  con- 
ductors may  be  formed,  but  of  very  varying 
degree:  1st,  good  conductors,  pure  metals, 
and  allo3rs  of  metals;  2d,  at  a  long  interval, 
solutions  of  electrolytes — i.e.,  solutions  ca- 
pable of  being  decomposed  by  the  passage  of 
an  electric  current  through  them:  and  3d. 
very  bad  conductors,  such  as  India  rubber, 
ebonite,  shellac,  sulphur,  glass,  slate,  mar- 
ble, stoneware,  mica,  dry  wood  and  paper, 
animal  fibers  (silk.  wool.  furs),  petroleum  oil. 
paraffin  wax.  osokerit,  pitch,  oitumen.  etc. 
Usually,  in  practical  work,  the  first  class  is 
spoken  of  as  conductors,  and  the  third  class 
as  insulators. 

Resistanci:. — The  resistance  of  a  con- 
ductor is 

(a)  Directly  proportional  to  its  length; 
(b)  Inversely  proportional  to  its  cross-sec- 
tional area;  (c)  Directly  proportional  to  its 
specific  resistance;  (d)  and  usually  increases 
with  its  temperature. 

^  Specific  Resistance. — The  specific  re- 
sistance of  a  substance  is  usually  stated  as 
the  resistance  between  the  faces  of  a  cube  of 
the  substance,  1  centimeter  in  length  and  1 
square  centimeter  in  cross-sectional  area. 

The  law  of  resistance  may  be  stated  thus, 
neglecting  the  effect  of  temperature: 

where  • 

R  =  the  resistance  in  ohms ; 
/  °=  the  length  of  conductor; 
»  »the  cross-sectional  area  of  the  conductor; 
p  =»  the  specific  resistance  of  the  material. 


JCE   OF  METALS   AND    ALLOYS    (CHEMICALLY   PURE)  AT  32*»  F. 

IN    STANDARD   OHMS. 


Metal. 


Hi 

-awn. 
led.. 
Irawn 
1 


iwn.  .  . 
nealed 


ealed. 

I  .... 


,  hard  or  annealed 

'er  alloy  (2  parts  silver  and    1 

m),  hard  or  annealed 

sel 


(p) 

Resistance  per 

Specific 

Relative 

Resistance 

Foot, 

Meter,  1 

Resist- 

Cubic Cen- 

vrftsv Inch 
Diameter. 

Millimeter 

ance. 

timeter 

Diameter. 

Microhms. 

Ohms. 

Ohms. 

1.5006 

9.0283 

0.01911 

1.000 

1.6298 

9.8028 

0.02074 

1.086 

1.61966 

10.2063 

0.02160 

1.130 

1.73054 

10.4117 

0.02204 

1.153 

2.0531 

12.3522 

0.02614 

1.369 

2.0896 

12.5692 

0.0266 

1.393 

2.9055 

17.4825 

0.037 

1.935 

5.6127 

33.7614 

0.071 

3.741 

9.0352 

54.3517 

0.115 

6.022 

9.6933 

58.308 

0.123 

6.460 

1      19.584 

117.79 

0.249 

13.05 

20.886 

125.62 

0.266 

13.92 

24.329 

146.36 

0.310 

16.21 

75 

447.50 

0.95 

49.7 

96 

i    570  .%V 

\    \.*lfi»> 

V    ^^.Tik 
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APPROXIMATE  PERCENTAGE  VARIA- 
TION  IN   RESISTANCE   AT 
ABOUT  20»C.(68«F.) 


Metal  or  Alloy. 


(a) 

Per 

1<»C. 


Platinum  Silver  ( 1  pt.  Plati- 
num to  2  pis.  Silver),  hard 
or  annealed 

German  Silver,  hard  or  an- 
nealed   

Mercury 

Bismutn,  pressed 

Gold,  annealed 

Zinc,  pressed 

Tin.       ••      

Silver,  annealed. 

Lead,  pre8se<l 

(Copper,  anneale<i 

Iron  (about) 


0.031 


(a) 

Per 

1»F. 


0.017 


0.044 

0.024 

0.072 

0.040 

0.354 

0.197 

0.365 

0.203 

0.365 

0.203 

0.365 

0.203 

0.377 

0.209 

0.387 

0.215 

0.428 

0.238 

0.5 

0.278 

— Practical  Engineer's  Electrical  Pocket-Book 
and  Diary. 


HEAT    AND    ELECTRICAL 
CONDUCTIVITY. 


Substances. 

Heat 
Conductiv- 
ity. 

i  l:lectncal 
■  Conduetiv- 
1        ity. 

Silver 

100.0 

73.6 

53.2 

23.6 

19.9 

14.5 

12.0 

11.9 

8.5 

6.4 

6.3 

1.8 

100.0 

Copper 

73.3 

Gold. 

58.5 

Brass 

21.5 

Zinc 

Tin 

22.6 

Steel 

Iron 

13.0 

Ixjad 

Platinum 

Palladium 

Bismuth 

10.7 
10.3 

.   •  .  . 

l.» 

RESISTANCE  AND  WEIGHT  TABLE. 

American  Rauge  for  cotton  and  ailk-covered  and  bare  copper  wire. — The  resistances  are 
calculate<i  for  pure  copper  wire. 

The  number  of  feet  to  the  pound  is  only  approximate  for  insulated  wire. 


Feet  per  Pound. 

Resistance,  Naked  Copper. 

No. 

Diameter. 

Cotton 

Silk 

Naked. 

Ohms  per 

Ohms  per 

Feet  per 

Ohms  per 

Covered. 

Covered. 

1,000  Feet. 

MUe. 

Ohm. 

Potmd. 

s 

.12S49 
.11443 
. 101S9 
.0«.)074 

ososi 

20 
25 
32 
40 
50 

.6259 
.7892 
.8441 
1.254 
1.580 

3.3 
4.1 
4.4 
6.4 
8.3 

1600 

1272 

1185 

798 

633 

.0125 

0 

.0197 

10 

.0270 

11 

.0501 

12 

42 

40 

.079 

13 

.07P.M1 

55 

00 

04 

1.995 

10.4 

504 

.127 

U 

.Ofi40S 

•ks 

75 

80 

2.504 

13.2 

400 

.200 

1.-) 

. 05707 

H7 

95 

101 

3.172 

16.7 

316 

.320 

IT) 

.  0:)0S2 

110 

120 

128 

4.001 

23 

230 

.512 

17 

.  04r)2') 

140 

150 

101 

5.04 

26 

198 

.811 

IS 

.  0403 

175 

190 

203 

0.36 

33 

157 

1-29 

n> 

.  03r,30 

220 

240 

250 

8.25 

43 

121 

2.11 

20 

.031<»ti 

2S0 

305 

324 

10.12 

53 

99 

3  27 

21 

.02S40 

3«iO 

390 

40.S 

12.76 

68 

76.5 

5  20 

•> ) 

.  02:)3r) 

450 

490 

514 

10.25 

85 

61.8 

8.35 

23 

. 02257 

5»W) 

015 

049 

20.30 

108 

48.9 

13.3 

24 

.0201 

715 

/  «0 

SIS 

25 .  00 

135 

39.0 

20.9 

2.5 

.0179 

910 

990 

1.030 

32 . 2 

170 

31.0 

33.2 

2«) 

01504 

1.1(15 

1 .205 

1.300 

40.7 

214 

24.6 

52.9 

27 

.01410 

1,445 

1.570 

1,040 

51.3 

270 

19.5 

84.2 

2s 

.012(.4 

I.SIO 

1.970 

2.070 

r»4 .  s 

343 

15.4 

134 

29 

.0112«) 

2.2S0 

2.4S0 

2.017 

Sl.O 

432 

12.2 

213 

30 

.01002 

2.S05 

3.050 

3.2S7 

103 

538 

9.8 

338 

31 

. OOS03 

3.<i05 

3.920 

4.144 

130 

685 

7.7 

539 

32 

00795 

4.535 

4.930 

5.227 

104 

865 

6.1 

856 

33 

.  (M)70S 

0.200 

0.590 

200 

1033 

4.9 

1357 

34 

00fl3 

7.S30 

S.:i30 

2«iO 

1389 

3.8 

2166 

3:) 

.(M)5ill 

y.s30 

10.4()0 

32S 

1820 

2.9 

3521 

36      ! 

.005 

\2,*20 

^   \^;l\<^ 

\\\ 

\  *ns«i 

I         2.4 

5460 
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WEIGHT   IN   P0UND3   PER  MILE  OF  COPPER    WIRE. 


IT    1 

Bir- 

lina. 

2.m 

3.286 

Blr- 

Brown 

b«5. 

8 

'? 

1 

6 

8 

1 

i! 

rABLE  INDICATING  SIZE.  WEIGHT, 

AND  LENGTH  OF  IRON  AND  STEEL 

WIRE. 
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ELECTRICAL  HORSE-POWER. 
E'XO 


emulated  from  - 


.5 

E.U.F.  in  Volt*. 

10     M 

30 

40       50        «0        TD 

80 

» 

100 

„. 

,=. 

,»;.„,,. 

w 

40 

1 

SO 
30 

1 

lis 

ll 

.. 

.28 
.5! 
M 

' 

: 

0.20 
0.  0 
O.SO 

'■ 

: 
■ 

1> 

il 

8,4 

o.}a 

1 

lolo 

K 

lie 
:.* 

S.1 
4.0 

1: 

h:o 
12:0 

lis 

1 

i 

u'.o 

If 
1! 

oIt 
sio 

fl.O 

0.60 

1: 
1 

4!o 

K 
If 

3.t 

i. 

il- 
ls 

3:2 
ll 

i 

1 

s:? 

isie 

1?:! 

i 

1;  1 

It  line,  under  E.U 


rOM  POSITION    AND     ELECTUOMOTIVE     FORCE    OF 


lion  ol  line  xulphate.  nnd  the 

Kl>iB>Vl(  tW«luiif 

The  [Unlinum  ii  immerwd  in  a 

About  1.83  volts. 

The  line  \f  iramenied  in  wlu- 

sium-birhrimale.  2  Ibi.  itronj 

— Practical    En^ncen'  Elsctrical    Pocket  Book. 
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STANDARD     TABLE     OF    HEIGHT    AND     WEIGHT. 


re 

Height. 

Weight. 

Maximum. 

Standard. 

Minimum. 

et  10  inches 

150 
160 
167 
174 
181 
188 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 

105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

83 

'     11       '•      

87 

92 

1       ••      

96 

2       ••      

100 

3       "      

104 

4       '•      

108 

5       '•      

112 

6       ••      

115 

7       "      

120 

8       **      

125 

9       ••      

130 

'      10       "      

135 

'      11       "      

140 

145 

1       *•      

150 

2       •*      

155 

3       "      

160 

4       ••      

165 

— Table  furnished  by  F.  L.  Hoffman,  Insurance  Statistician. 


THE    AMERICAN    EXPERIENCE    TABLE    OF    MORTALITY. 


Expectation 
ot  Life  in 

Number 

1 

Expectation 

Number 

Age. 

Dying  in 

Age. 

of  Life  in 

Djring  in 

Years. 

Each  1.000. 

Years. 

Each  1. 000. 

20 

42.20 

7.81 

60 

14.10 

26.09 

21 

41.53 

7.86 

61 

13.47 

28.88 

22 

40.85 

7.91 

62 

12.86 

31.29 

23 

40.17 

7.96 

63 

12.26 

33.94 

24 

39.49 

8.01 

64 

11.67 

36.87 

25 

38.81 

8.07 

65 

11.10 

40.13 

26 

38.12 

8.13 

66 

10.54 

43.71 

27 

37.43 

8.20 

67 

10.00 

47.65 

28 

36.73 

8.26 

68 

9.47 

52.00 

29 

36.03 

8.35 

69 

8.97 

56.76 

30 

35.33 

8.43 

70 

8.48 

61.99 

31 

34.63 

8.51 

71 

8.00 

67.67 

32 

33.92 

8.61 

72 

7.55 

73.73 

33 

33.21 

8.72 

73 

7.11 

80.18 

34 

32.50 

8.83 

74 

6.68 

87.03 

35 

31.78 

8.95 

75 

6.27 

94.37 

36 

31.07 

9.09 

76 

5.88 

102.31 

37 

30.35 

9.23 

77 

5.49 

111.06 

38 

29.62 

9.41 

78 

5.11 

120.83 

39 

28.90 

9.59 

79 

4.74 

131.73 

40 

28.18 

9.79 

80 

4.39 

144  47 

41 

27.45 

10.01 

81 

4.05 

158.61 

42 

26.72 

10.25 

82 

3.71 

174.30 

43 

26.00 

10.52 

83 

3.39 

191.56 

44 

25.27 

10.83 

84 

3.08 

211.36 

45 

24.54 

11.16 

85 

2.77 

235.55 

46 

23.81 

11.56 

86 

2.47 

265.68 

47 

23.08 

12.00 

87 

2.18 

303.02 

48 

22.36 

12.51 

88 

1.91 

346.69 

49 

21.63 

13.11 

89 

1.66 

395.86 

50 

'           20.91 

13.78 

90 

1.42 

454.55 

51 

20.20 

14.54 

91 

1.19 

532.47 

52 

19.49 

15.39 

92 

.98 

634.26 

53 

IS.  79 

16.33 

93 

.80 

734.18 

54 

18.09 

17.40 

94 

.64 

857.14 

55 

17.40 

18.57 

95 

.50 

1000.00 

56 

16.72 

19.89 

57 

16.05 

'           21.34 

58 

15.39 

1            22.94 

59 

14.74 

24.72 

, 

J^ 
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THE   AMOUNT   OF    ONE   DOLLAR   AT   COMPOUND 

INTEREST. 

End  of 

3 

Per  Cent. 

4 

Per  Cent. 
$1.05 

5 

6 

7 

Year. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1 

$1.03 

$1.04 

$1.04 

$1.05 

$1.06 

$1.07 

2 

1.06 

1.07 

1.08 

1.09 

1.10 

1.12 

1.14 

3 

1.09 

1.11 

1.12 

1.14 

1.16 

1.19 

1.23 

4 

1.13 

1.15 

1.17 

1.19 

1.22 

1.26 

1.31 

5 

1.16 

1.19 

1.22 

1.25 

1.28 

1.34 

1.40 

6 

1.19 

1.23 

1.27 

1.30 

1.34 

1.42 

1.50 

7 

1.23 

1.27 

1.32 

1.36 

1.41 

1.50 

1.61 

8 

1.27 

1.32 

1.37 

1.42 

1.48 

1.59 

1.72 

9 

1.30 

1.36 

1.42 

1.49 

1.55 

1.69 

1.84 

10 

1.34 

1.41 

1.48 

1.55 

1.63 

1.79 

1.97 

11 

1.38 

1.46 

1.54 

1.62 

1.71 

1.90 

2.10 

12 

1.43 

1.51 

1.60 

1.70 

1.80 

2.01 

2.25 

13 

1.47 

1.56 

1.67 

1.77 

1.89 

2.13 

2.41 

14 

1.51 

1.62 

1.73 

1.85 

1.98 

2.26 

2.58 

15 

1.56 

1.68 

1.80 

1.94 

2.08 

2.40 

2.76 

16 

1.60 

1.73 

1.87 

2.02 

2.18 

2.54 

2.95 

17 

1.65 

1.79 

1.95 

2.11 

2.29 

2.69 

3.16 

18 

1.70 

1.86 

2.03 

2.21 

2.41 

2.85 

3.38 

19 

1.75 

1.92 

2.11 

2.31 

2.53 

3.03 

3.62 

20 

1.81 

1.99 

2.19 

2.41 

2.65 

3.21 

3.87 

21 

1.86 

2.06 

2.28 

2.52 

2.79 

3.40 

4.14 

22 

1.92 

2.13 

2.37 

2.63 

2.93 

3.60 

4.43 

23 

1.97 

2.21 

2.46 

2.75 

3.07 

3.82 

4.74 

24 

2.03 

2.28 

2.56 

2.88 

3.23 

4.05 

5.07 

25 

2.09 

2.36 

2.67 

3.01 

3.39 

4.29 

5.43 

26 

2.16 

2.45 

2.77 

3.14 

3.56 

4.55 

5.81 

27 

2.22 

2.53 

2.88 

3.28 

3.73 

4.82 

6.21 

28 

2.29 

2.62 

3.00 

3.43 

3.92 

5.11 

6.65 

29 

2  36 

2.71 

3.12 

3.58 

4.12 

5.42 

7.11 

30 

2.43 

2.81 

3.24 

3.75 

4.32 

5.74 

7.61 

31 

2. .50 

2.91 

3.37 

3.91 

4.54 

6.09 

8.15 

32 

2.58 

3.01 

3.51 

4.09 

4.76 

6.45 

8.72 

33 

2.65 

3.11 

3.65 

4.27 

5.00 

6.84 

9.33 

34 

2.73 

3.22 

3.79 

4.47 

5.25 

7.25 

9.98 

35 

2.81 

3.33 

3.95 

4.67 

5.52 

7.69 

10.68 

36 

2.90 

3.45 

4.10 

4.88 

5.79 

8.15 

11.42 

37 

2.99 

3.57 

4.27 

5.10 

6.08 

8.64 

12.22 

38 

3.07 

3.70 

4.44 

5.33 

6.39 

9.15 

13.08 

39 

3   17 

3.83 

4.62 

5.57 

6.70 

.  9.70 

13.99 

40 

3.26 

3.96 

4.80 

5.82 

7.04 

10  29 

14.97 

41 

3.36 

4.10 

4.99 

6.08 

7.39 

10.90 

16.02 

42 

3.46 

4.24 

5.19 

6.35 

7.76 

11.56 

17.14 

43 

3.56 

4.39 

5.40 

6.64 

8.15 

12.25 

18.34 

44 

3.67 

4.54 

5.62 

6.94 

8.56 

12.99 

19.63 

45 

3.78 

4.70 

5.84 

7.25 

8.99 

13.76 

21.00 

4() 

3.90 

4.87 

6.07 

7.57 

9.43 

14.59 

22.47 

47 

4.01 

5.04 

6.32 

7.92 

9.91 

15.47 

24.05 

4S 

4.13 

5.21 

6.57 

8.27 

10.40 

16.39 

25.73 

4<l 

4    26 

5.40 

6.83 

8.64 

10.92 

17.38 

27.53 

50 

4.3S 

5 .  5H 

7.11 

9.03 

11.47 

18.42 

29.46 

3 
4 


I. 
II. 
III. 
IV. 


5  -  V. 

6-vr. 

7 -VI  I. 

8-.VIII. 

9-^  IX. 
10 -X. 
20 -XX. 
30  -  XXX. 
40 -XL. 
.50     L. 
60  -  LX. 
70-LXX. 
80  =  LXXX, 


ROMAN    NOTATION. 

90  =  XC. 
100-C 

500=-D,  or  Lo. 
1,000  =  M,  or  Co. 

2.000-MM.orllaX). 
5,000 -V,  or  Loo. 

0.000-VI.  orlMM. 

10,000 -X.  or  Coo. 

50.000 '^L.  or  Lqoo. 

60.000  =  LX.  or  MMMO. 

1 00.000 -C,  or  COOO. 

1 .000.000  =°  M.  or  Cqoqo. 

2.000.000 -MM.  or  MMOOO. 
.\   line  uver  a  number  incrcaaee  it  liOOO 


:Bd«mr     of     ScleiiTOB.' 

Natlon«l     320 

Tideaci,  Brltim    laS 

»:ldeDtB.  Cause  oC 395 

.•cIdvntB  In  Facto rlM,. 394 

rcidenta.    Fatat S»5 

»:ldeDta  at  Hea 18 

wlylene   Oaa    Dlicor- 

ered    tl83»| 220 

■tors.         Proteaalonal 

SbowmeD.  rtc 161 

>Tlal   NaTlgatloQ 362 

lenta   1G2 

[TlCDlturBl       I m  p  t  e  - 
menta    2lt0 


Angular  Ueaaure 47' 


Inlmal   I'twIui'lB. 


jral 


<iF  Kx 


SlauKbtered 3S1 

I    AnlmslB.    Karm.    Sold..:)." 
Anlmalii,  MvD  and.  I'ull- 

lag  IJIrpnKlh  of 40< 

I    Animala.  Principal  Sta- 


J  Teat   for   8ei 


;    ADthony  I'ulink  Priii 


Oaa    ...  4!i2   Antlpyrene    (18H4) , 

abama,  PopiiiaVloii'cif'.lSH    ^''^ISPrl'^      Surgi 


,    Apotbecarlca'    Liquid 


crlcan 


..344 


Table  of   Mortality.  .499 
nerlcan       I^coniotlTe 
(the)         S«ventyH>n« 

Tears'  Orowtb  of 127 

Derlcan  kepubllca.  la- 

o( 325 


Aprlpoti,  Pro> 
Ai)ril.   lleaYfii 


World 143 

irea   and    Population..    14 
irea  and  I'upulatlon  o( 


Aries.  First  Point  of.. 
Arliona.  Population  of. 
Arkanaaa.        Population 


ductloQ  oC 34fl 

Art«>lan  WfII  ilH4ni..221 
Arllflclal    Fealhpra   and 

Flowi'rs    200 

Artificial   l-lmba 2B0 

Artistic    ProperlleB.   la- 


Aaalgnmentn 22S 


iBtrla.  PalentB  It 
olrdupols  WrlRb 
fulnga,      TeniB, 


Litltude  and.. 454 


ibbltt    Hetal    niacov- 

cDvered   (183»i 

ibbltt  Hetal  and  Sol. 


I  Rall-bearlnK  nevl< 


■  Rnltlc."   Thp. 


.  .102   italloona 3QI  iBuclwd  vm^, , 


602 


SCIENTIFIC   AMERICAN   REFERENCE    BOOK. 


Barbed     Wire     Fencing 

(1861)    222 

Barbers  and  Ilalrdress- 

era 161 

Barbette    83 

Barbette  of   Battleship. 

Section    Through ....   84 
Barley.  I^gal  Weight.. 372 

Barley.   Statistics 36<) 

Barometer  (1043) 218 

Bartenders   161 

Barytes.  I*roductlon  of..340 
Baskets  and  Rattan  and 

Willow   Ware    260 

Bass.    Blacic 368 

Bass,  Sea 368 

Bass.  Strawberry 3<J8 

Bass.   Striped 368 

Battery     Cells.     Compo- 
sition and  K.  M.  F.  .498 
Battery.  First    1 1812k. 219 
Battery.      Storage,      In- 
vented  1812    210 

Battleship    56 

BattieshlD.  I>etails  df .  .  57 
Battleship.    Interior 

of    80,  81 

ltattU>Khip,     Section    of. 

So.  81 
Bauxite.  Production  of..34i» 
Beans,    CnHtor,     Statls- 

t  IcR t\TiH 

l!cmiK.  I>ry.  Statlsilcs.  ..'i.'S 
Beans.  Legal  Weight .  .  .372 
BectH.  Legal  Wolirht  .  .  .372 
Beets.      Sugar.      Statls- 

tlrs *.  .    358 

Bell.    Alex,    (i 217 

I'.oll-Crank   Lever 413 

Bells    2r»0 

I?e]]s.  W«-Jirljt   «)f 300 

Belting      a  n  d      h  o  s  e  . 

Leather   2fiO 

r.cltii'ir     a  n  d     II  o  s  e  . 

Linon    2r>o 

Belting  anil   Ilose.   Uub- 

Imt   260 

Brliin^'.  Sp«M-(l  of 430 

I'.rit  iiiir.        'riMnsinission 

nf    I'cwrr   by i:i«.> 

r,il)l«».        Wi'lu'lits       and 

Meastirt's  of 474 

I'.lcvcl*'         I  n  V  e  n  t  e  d 

nx"*\    2*jr^ 

ricyrN..  Saf.Mv  t  isvj  ".li'J.'l 
r.l«  y(  1.'  and  Tri<y<l«'  IN'- 

pairliijr '2*\0 

r.i<-V(h«K  and  Triryd.-s. . 'jr.O 


INDEX — Continued. 

PAGE 

Billiard  Tables  and  Ma- 
terials   260 

Biological  Survey,  U.  S. 

Division  of 315 

Bismuth.  Production  of. 34 5 

Black   Bass 308 

Blackberries,  •  Produc- 
tion      360 

Blacking   260 

Biacksmithing  and 

Wheelwright  Ing 260 

Blacksmiths   162 

Blanchard,  T 216 

Bieachery  and  Dye 
Works  Operatives. . .  .163 

Blueflsh    368 

Bluing    260 

Boara  Measure 482 

Board  Measure,  Conver- 
sion of  Cubic  Meas- 
ure into 483 

Boarding  and  Lodging- 
house  Keepers 161 

Boat  Signals 208 

Boatmen  and  Sailors.. 162 
Boats.    (*ros8-Channel . .  43 

Boats.     F'ast 42 

Boats.    Irish 43 

Boiler  Tubes 401 

Boilers.   Steam 20.3 

Boiling  l*olnts  of  Chem- 
ical  Klements 451 

Bone.  Ivory  and  Lamp- 
black      260 

Bookbinders    163 

liookblndlng  and  Blank- 
book  making 261 

Bookkeepers  and  Ac- 
countants     162 

Boot     and      Shoe     Cut 

Slock    201 

Boot  and  Shoe  Find- 
ings     261 

Boot   and  Shoe  T'ppers..26l 
Boot     and     Shoemakers 

and    itepalrcrs 16.1 

lU^ots  and  Shoes.  Cus- 
t<un     Work     and     Ue- 

pairlng 261 

r.<M)ts    and    Shoes.    F'ac- 

lory    Pr«Mln<'t 261 

n.M.ts  and  Shoes.  Rub- 
ber      261 

llorax.   rmdnctlon  of.. .348 
I'otanjral  Investlpa- 

(Imhh .31.") 

r.uT  tiers  and  Soda 
Water    Makers,    etc., 10.3 

I'.ottllni: 261 

r.ux    Maker**    (  Paper)  ..  103 
I'.oxes.  Ci^'ar 261 


(\      ('..       S.       Klectrlcal         |<';il<ltim   Lights 261 

Stanrlards     4'.U  \  <  "abubit  in;:    M  a  e  b  I  n  e 

Cabinet tnaki-rs    H*,:!  i        (IsL-Ji     220 

ra»)l<'.    .MitbalM't lt•'^  ,  Culifi.rnla,       ropniation 

<'abl«'.      Wire      Kennired  •       .if    140 

for     .".Ts    Cjilorie    404 

Cables.   Snluiiarlne 1  *.>.*{  ,  Calves.       Number       and 

<'  a  i  s  so  n  s.      Inventi-d         '       Value    ;i."7 

ns41>    221  ,  Cams    and    Cam    M.)ve- 

Calclum  Carbide  (1M»3>.221  i      ments 430 


PAGE 

Boxes.        Fancy       and 

Paper   2«1 

Boxes.       Wooden      and 

Packing    261 

Brake,  Car  (1872i 223 

Bran.  Legal  Weight 372 

Brass   261 

Brass      Castings      and 

Brass  Finishing 2C1 

Brass        and        Copper. 

Roiled 2Sl 

Brass  Workers 163 

Brassware   261 

Bread  and  other  Bakery 

Products  201 

Breadstuffs.  Exports  of.276 
Brewers  and  Maltster&.ltn 

Brick  and  Tile 261 

Brick    and    Tilemakera, 

etc 162 

Bricks       and        Stones. 

Strength   of. ASH 

Bridges   261 

Bridges,  Length  of 390 

Bromine,  Production  of.348 

Bronze  Castings 261 

Broom  and  Brush- 
makers    Ifi3 

Broom  Com.  Stati8tics..3.V*^ 
Brooms  and  Brushes. .  .261 

Brush.   C.    F 217 

Bu  kwheat.  Legal 

Weight    372 

Buckwheat.  Statistirs.  .36u 
Buhrstones,    Production 

of    ,34S 

Buildings.   Height  of .  .  .38tt 
Bulls.        NumlH^r       and 

Value    3r>7 

Bureau  of  International 

(reodosy    341 

Bureau.  International, 
of  Railroad  Trans- 
portation     .341 

Bureau    for    Repression 

of  Slave  Trade .340 

Bureau    of    Telegraphs. 

International    330 

Bureau  of  W>ights  and 
Measures,  Interna- 
tional     330 

Bureaus.    International. 

Institutions  and .3.37 

Burros.      Number      and 

Value   .3.'>7 

Butchers    162 

Butter  and  Cheese- 
makers   ^^2 

Butter.   Production  of. ..3.'>7 

Butter.     Reworking 261 

Buttons    261 

Canada.  Patents  In 220 

Cane.  Sorghum.  Statis- 
tics   3.*^8 

Cane.  Sugar.  Pro<luctlon 

of    .304 

Cane.  Sugar.  Statistlcjt..3.'8 
<'annon    Ball,     Velocltv 

of    "..38.3 

Cans.  Sise  of  Tin  for.. .378 
Car  Brake  (1872) 223 
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>r  Coupler  (1873) ..  .2:13 
Carbide.        Calcium 

I18U3)    224 

Tarbollr    Add,     DIaiov- 

cred    ( 1834 1     :!20 

TRrbornndum  (1R03I...224 
*irt>orunduin.      Produc- 
tion of   34T 

Imrd  i-utilnv  and  De- 
■lenliie    2*l< 

'■meBle  llero  t'ommli- 

■Ion   341 

'■mvglp   lnBll1utlon...342 

'jini.  (IprniBD. aflf 

'mrpemerliiK   .,.....,.201 

^trpeulera  and  JolnerH.162 
>rp»l    fBPiory   Oi>era- 

"•rppl*.  iiaV ,.2«l 

'■rpetii  and  Rues,  otnpr 

tbaa  K«g 2f» 

■•rpetii,   *™l...^,...261 

^arrlaeF     and     Wagon 

Materials 201 

Wrlages    21»» 

torrtaf»,  Biporls  of.  .2TT 
!aiTlB»B  _  and     Sleds. 
Wrlaices  and' ^'igiinsl^ifll 
^arnXB,  [.esal  WeiBhi,.3-2 
■ars  and  General   Sbop 
roiiRlrartInn  and  Re- 
pairs by  StpamTlBll- 
road  CompnDles. .  .  .ZSl 
*ara.       Kallmod       and 
Slrwl.    and     RepaTra, 
HOI    Includlnji    I'Jsrab- 
tlvhmenta  op^ratnl  by 
Bleain  Kallroad  Ciini. 
paolrs     201 

laatlDit,  ProiKirtlonste 
Welebt  of.  i.t  WelKht 
Of  Wood  Pattern. .  .  .4fl0 

"'of  "^'.' ?°  '''\'.""402 

?utar     Bpans,     8 1  at  I  s- 

tl» ans 

'atiiBh  ans 

•athode  Rays  (lfiT0i,.22S 
7atllP.      Number      and 

Value   .m? 

•■TenlB    227 

■Hllllold   (IHTni 223 

■elliilold  and   Celluloid 

(ifx.ds 261 

-ement.        Portland 

(1 S2n  I    220 

emfnt.  Pmdiii-llon  of.. 347 
■ensirB.  Tliirenn  of 323    ' 


I>'[>EX— CantlDued. 

C  h  e  m  1  c-  a  I    Elemenl^^'"' 

Melting  I'olnt  of 451 

I'bemlcai  Materials,  I'ro- 

Cnemlcal   WorVen! ! !  i  !lll2 

'bemlcals 2t>2 

hemlralB     and     Allied 
Prodiins  .,_ 260 

NampB    o(     44.'> 

rhemlBlry    44.1 

l-liemlBIrr,  Barcau  of.  ,314 
fherrlcB,   Produclloo. .  .36(1 

CbRkena     , ■,35.'i 

I'hiiMry.    Htatlstira 3IM 

t'blua   DenTStlnK 262 
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discuss  plans,  select  papers,  prepare  advertisements,  secure  and 
register  service  and  carefully  attend  to  all  the  other  details  of 
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nHIS  unrivaled  periodical  is  now  in  its  sixtieth  year,  and,  owing  to  its 
ever-increasing  popularity,  it  enjoys  the  largest  circulation  ever 
attained  by  any  scientific  publication.  Every  number  contains  six- 
teen large  pages,  beautifully  printed,  handsomely  illustrated;  it 
presents  in  popular  style  a  descriptive  record  of  the  most  novel,  interesting 
and  important  developments  in  Science.  Arts  and  Manufactures.  It  shows 
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Economy,  Agriculture,  Natural  History,  etc.  It  abounds  in  fresh  and  inter- 
esting subjects  for  discussion,  thought  or  study.  To  the  inyentor  it  is  in- 
valuable, as  every  number  contains  a  complete  list  of  all  patents  and  trade- 
marks issued  weekly  from  the  Patent  Office.  It  promotes  Industry,  Progress, 
Thrift  and  Intelligence  in  every  community  where  it  circulates. 

The  Scientific  American  should  have  a  place  in  every  Dwelling,  Shop. 
Office,  School,  or  Library.  Workmen.  Foremen,  Engineers,  Superintendents, 
Directors.  Presidents,  Officials,  Merchants.  Farmers,  Teachers,  Lawyers, 
Physicians,  Clergymen — People  in  every  walk  and  profession  in  life  will 
derive  satisfaction  and  benefit  from  a  regular  reading  of  the  Scientific 
American. 

If  you  want  to  know  more  about  the  paper  send  for  *' Fifteen  RecuKms 
IMty  You  Should  Subscribe  to  the  Sdentific  American,**  and  for  **  Five 
Reasons  Wliy  Inventors  Should  Subscribe  to  the  Scientific  American.**  Fifty- 
two  numl)ersmake  882  large  pages,  equal  to  8,328  ordinary  magazine  pages, 
and  1,000  illustrations  are  published  each  year.  Can  you  and  your  friends 
afford  to  l>e  without  tfiis  up-to-date  periodical  which  is  read  by  every  class 
and  profession  ?  Remit  $i}.00  by  postal  order  or  check  for  a  year's  subscrip- 
tion, or  $1.50  for  six  months. 
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^ewill  dladly  send/A  Liifcle 
His'toinr,  compieie  mi^nziartion 
and  illustrated  matter. 


HMK.  office  V  iAjCIQCr»  KEKOSHk«    ^WIS& 
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CHlCA^g  304-306 WABAdK  Air.  JA  ^  STRJET  , 
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Scientific  cylmerican 
Building  Monthly 


Archiiecn  Should   Subicribc 


Appeals  to  the  Architect  and  Buildci 
HctiuK  i,  illunnln  Ihc  Liinl  wurkt  of  olhn  irdiii 
and  buildcn.  Becautc  il  pnbluha timely  Ktickiind  r 
QK  veniilitin|,  plumbin^^  iff^l  mirTert,  etc.  Bc^lb 
hu  intcmting  iilkt  wiih  prominent  inbiie<ti. 

Appeals  to  Those  About  to  Build 
BcciuK  k  pubbtha  viewi  of  counm  houm  of  wu 
amhirectural  »yla  ind  (.nu  in  iJI  icctioiu  of  the  ci 
try,  only  illuiIHtinf  th«e  jctually  huill.  FdD  i 
y\ins  and  dncriplioni  Ire  given. 

Price,  81,50  prf  Ynr.      Sample  Copy,  »;  '"•' 
MUNN  »b  CO..  Pubhshera 
361    Broadway,  New  York 

Minufiiiuien  Should  Advt 


(L/lmerican  Estates 
and  Gardens 

By   BARR   FERREE 

4to,  1 1 X 13!;;  ins.,  Duotone  Plates  and  275  lUustratio 
350  Pages.     Price,  $10.00 

rji  sumptuous  book  dealing  with  some  of  the  moat  atately 
houses  and  charming  gardens  in  America.  The  illustrations 
arc  in  nearly  all  cases  made  from  original  photographs,  and 
aie  beautifully  printed  on  double  coated  paper.  Attractively 
bound.  This  book  will  prove  one  of  the  most  salable 
holiday  books  of  the  season,  and  will  till  the  wants  of 
those  who  desire  to  purchase  a  luxurious  book  on  our 
American   homes.      An   illustrated    prospectus   mailed   free 

Munn  C®,  Co.,  Publishers,  361  Broadway,  New  Yo 


The   Readers'   Guide   to   Periodical   Literature 

Is    the    most    usefixl    single    magazine    in   existence 

It  furnishes  a  current  index  to  62  leading  magazines 

Arranged   by    author   and   subject   in    one   alphabet 
Doubles  the  working  value  of  the  magazines  indexed 

Five  minutes'  search  with  this  index  is  worth  more  than  a  five 
hours'  search  without  it.     Always  up-to-date  and  always  reliable 


Publithers  of  the 


^fe  H.W.Wilson  Company,  Minneapolis  one-piace  Bibiiograph 


les 


Kerosene  Oil  Engine.... 

Nothing  but  Kerosene  Oil  to  Run  It 

Simple,  Safe  and  Efficient 

Needs  Little  Attention 

Is  Less  Likely  to  Get  Out  of  Order,  and  is  Cheaper  to  Run 

than  any  other  Engine  Manufactured 

Economical  and  Easily  Operated 

International  Power  Vehicle  Ck).,  Stamford,  Conn. 

TAe  New  Bristol 
Counter 


•0.  ^0'  m-  •'. 
«  »  «  J^ 

C  J  BOOT  Mr  R 
BRtrrOL  CONN    VSJi. 


machines.  Counts  tip  to  zoo.coo  and 
repeats  automatically.  Other  sizes. 
Simple,  accurate,  durable.  Special 
counters  to  order.     Send  for  circular. 

C.  J.  ROOT. 

Bristol,  Conn. 


Registers  an  accurate  account  of  work 
done  on  printing  presses,  grain  tallies, 
weighing,  measuring  and  other  automatic 


^:®Mmmm&B 


yr^.  V 


A  r  >' 


Horolo^ical  Department 

Bradlex  Polxtectinic 

InStittlte  (Formerly  Parsons  Horological  Institute.) 
PEORIA,   II^I^INOIS 

Larc^est  and  Best 

'Watcti  iSctiool  in  America 

We  teach  Watch  Work,  Jewelry,  Engraving,  Clock  Work,  Optics.     Tuition  reasonable. 
Board  and  rooms  near  school  at  moderate  rates. 

Send  for  Catalog  of  Information 


Don't  be  fix)led  by  imitations  or  substitu 


GOES'- 

"Genuine" 

Screw  Wrenche 


Railway  Standard 
STRONGEST  for  Fifty  Years 

HADB   ONLY    BY 

GOES  ■WRENCH  CO.,w< 


I.  c.  Mccarty  (&  CO. 

JOHN  H.  GRAHAM  C&  CO. 


New  York  Agents 


SfT'DI      irir>S      MechKraii 
\J  Mr  L^MLtC    O      Cnglneerl 
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POINTS 

TO  REMENBH 

I.  Tbe  latest  on  the  m. 
The  uTuigement  o 
matter  unexceUed 
amply  illualrated,  — 4 

II.     That    Mathematica 

similar  reference  bo 
English. 

Ill,     The    subject   of    Ma 
Design  is  amply  tn 

J.  B.  LIPPINCOTT  COMPANY,    Philadelphia.  PuUii 


I  Low  Voltage 
Dynamos 

For  Electro-Deposition 

50  to  5,000  Ampere  Capacity 

Plating    OutfilB    for    Nickel,    Copper, 
Brass,  Zinc,  Gold  and  Silver 

Mechanical  Plating  Apparatus 

Anadea  of  all  Metals 

Polishing  Lathes  and  Polishing  Sup- 
plies 

Alununum  Dipping  Baskets 
.  Chemicals  of  all  kinds  used  in  Electro- 
Deposition 

WRITE    FOR    CATALOG 

The  Hanson  ca» 
Van  Winkle  Co. 

Newark,  N.  J.,  U.  S.  A. 
Branches;  New  York,  Chicago,  111. 


SPECIAL  MANVFACTUUNG 


Dies  and 

tStamping^  to 

Order 

special  Machinery,  Models 
Experimental  Work 

Drop  Forsing  Dies  and  Drop 
Forcings 

Hardware  Specialties,  etc.,  Manafaclured 
to  Order.  Send  Samples  or  DrawingH  fur 
Esiimaits.  Write  for  our  Booklet.  Hlec. 
tro  PlatlDE  and  JatWTiDitig. 

The  Globe  Machine  & 
Stamping:  Co. 

9r0-972  HAMILTON  STREET 
CIEVEUND,  OHIO 


^gsTDw  Orahiti  Roofino^ 

V  YoftiC, 


E.  Konigslow  Stamping  &T00I  Works 

lU,  m  k  ISS  auunpUln  stmt,  CLEVELAND  OBIO 

NOVELTIES  ca. 
PATENTED  ARTiaES 

Hanafadtitcd  bj  Contract 

PUNCHES   ^  METAL  STAMPING 

an4  DIES  a  specialty 


The  Man 
with  a 
Mill 
Stone 
About 
His  \eck 


THE  millstone  about  the  neck  of  most  young  men  in  poor  pay- 
iiij;  positions  is /ill"/*  0/  spec  iiil  training.  It  boMs  the  man 
b:i['k  while  others  k"  Hhcad.  It  Imndicapa  him  everywhi^re. 
YOI-  can  ihroiu  off  the  fiHrdfn.  You  can  rise  to  oiie  of  the 
higher  pliiieain  yonr  ]ireseiit  tnidc  or  profession.  Vou  can  qualify 
f'lrainriri:  c<>iif;i-iiiul  octupalion  mid  better  salary?  If  yon  have 
llic  j.-ill  llir  uvy  it  e<isy.  The  jSrst  sii-p  is  to  write  to  us— stating 
n-hieli  oF  Iho  jHisiiiiiiiu  iiameil  below  vou  desire  to  qualify  finr. 

We  u'ill  tell  vou  how  you  can,  without  ioas  of  time  and  at  small 
expciisL',  iiii^ilify  yoiiraelE  for  the  position  you  want.    We  will  also 
liuoklct,  "/ihv  Storus  0/ ^atfess,"  which  proves  nil 


tlui' 


:<i'WHpapiT  llluxirnlor    .Mprb.  Knainrer 
tVnll  hiprr  lli„lBMiT       <'l«ll  EnalDErr 


INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 


PATENTS 

The  Wealth  of  Nations 


A  PATENT  gives  you  an  exclusive  right  to  your 
invention  for  a  term  of  seventeen  years.  You 
can  sell,  lease,  mortgage  it,  assign  portions  of  it, 
and  grant  licenses  to  manufacture  under  it.  Our  Patent 
system  is  responsible  for  much  of  our  industrial  progress 
and  our  success  in  competing  in  the  markets  of  the  world. 
The  value  of  a  successful  Patent  is  in  no  degree  commen- 
surate with  the  almost  nominal  cost  of  obtaining  it.  In 
order  to  obtain  a  Patent  it  is  necessary  to  employ  a 
Patent  Attorney  to  prepare  the  specifications  and  draw 
the  claims.  This  is  a  special  branch  of  the  legal  profes- 
sion which  can  only  be  conducted  successfully  by  ex- 
perts. For  nearly  sixty  years  we  have  acted  as  solicitors 
for  thousands  of  clients  in  *all  parts  of  the  world.  Our 
vast  experience  enables  us  to  prepare  and  prosecute 
Patent  cases  and  Trade  Marks  at  a  minimum  of  expense. 
Our  work  is  of  one  quality,  and  the  rates  are  the  same  to 
rich  and  poor.  Our  unbiased  opinion  freely  given. 
We  are  happy  to  consult  with  you  in  person  or  by 
letter  as  to  the  pobable  patentability  of  your  invention. 

^  Hand  Book  on  Patents,  Trade 
Marks,  etc..  Sent  Free  on  Application 

MUNN    &    COMPANY 

SOLICITORS      OF     PATENTS 

Main    Office     361     Broadway,   New   York 
Branch  Office,  625  F  Street,  Washington,  D.  C. 


J  TEEL,  Iron,  Copper,  Zinc,  Brass, 
Tin,  and  all  other  Metals  Perfor- 
ated as  required  for  Grain  Clean- 
ing and  Mining  Machinery, 
Woolen,  Cotton,  Paper,  and  Pulp 
Mills,  Sugar  and  Malt  Houses,  Distilleries, 
Filter  Presses,  Stone,  Coal,  and  Ore  Screens, 
Brick  and  Tile  Works,  Filters,  Spark  Arrest- 
ers, Gas  and  Water  Works,  Oil,  Gas,  and 
Vapor   Stoves,  Coffee  Machinery,   Etc. 


StandariJ  Siies  Perforated  Tin  and  Brsss  alwaya  on  hand. 
Wrile  113  direct  for  BIue  Prints,  Samples,  and  Information. 
The  Name  of  this  Company  is  a  synonym  for  the  best  goods 
in  this  line.         »         H^  30         S0         »         J0         30 


-©e    HARRINGTON    Ctt,    KING 
PERFORATING     COMPANY 

(TMain  Office  iS.  Works : 

No.  225  NORTH  UNION  ST.,  CHICAGO,  ILL.,  U.  S.  A. 

NEW  YORK  OFFICE:     No.  114   LIBERTY   ST. 


I 


